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VARIATION IN ECOTYPES OF POA PRATENSIS' 


B.C: SMITH; E. L. 


Introduction 


The existence of apomictic seed de- 


velopment appears to be a fact well es- 
tablished for Poa pratensis L. Though 
apomixis is the usual form of reproduc- 
tion, many plants may produce seed fre- 
quently following amphimixis. The spe- 
cies is highly polymorphic, and extensive 
investigations have been made to deter- 
mine the extent and nature of the varia- 
bility. The possibilities of selection of su- 
perior plants and of their subsequent 
propagation as improved strains have 
been recognized. Commercial seed of 
Kentucky bluegrass is heterogeneous, 
and progenies from it may give a wide 
complex of plant types. The method of 
harvesting commercial seed and the pos- 
sible selection for seed production char- 
acters rather than for vegetative vigor 
may be accompanied by a diminished 
pasture value. In most areas of the 
Northeastern and North Central states, 
however, the species is now sufficiently 
prevalent to be considered as naturalized, 
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and it is seldom seeded for pasture pur- 
poses. 

Breeding investigations with Ken- 
tucky bluegrass were begun at the Wis- 
consin Experiment Station in 1936. The 
principal objectives have been (a) the 
isolation and testing of superior biotypes 
for pasture and turf purposes, (b) the 
testing of the breeding behavior of such 
biotypes, and (c) the determination of 
the nature of variation in the species. 

The present paper presents the results 
of studies of variation in several char- 
acters. A large number of seeded pan- 
icles for use in progeny studies was col- 
lected in Wisconsin and other states 
where the grass is relatively common. 


Review of literature 


BRITTINGHAM (4) has comprehensive- 
ly reviewed and discussed the earlier 
literature. Several workers have studied 
apomixis, but not all have presented re- 
sultsof progeny tests. AKERBERG(1) found 
that various selected families segregated 
from 5.9 to 13.4% sexual (aberrant) 
plants. Thirty-seven of forty-four native 
collections from Sweden, Germany, and 
Norway were ‘“‘practically” constant 
morphologically, the remaining seven 
each showing great variation. AKERBERG 
(2) also studied families from collections 
made in Sweden, Norway, Finland, Den- 
mark, Germany, and England. Five to 
ten plants of each family were grown. 
Seventy-nine families averaged 3.9% 
aberrant. Within each of nine families no 
two plants were alike, while each of five 
families was essentially homogeneous. 
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TINNEY and Aamopt (14) investi- 
gated 102 progenies numbering 21 to 243 
plants each—a total of 11,696 plants. 
The strains were of domestic and foreign 
origin as follows: 


Wisconsin, 31 Sweden, 6 


Virginia, 1 Denmark, 1 
Missouri, 2 England, 1 
Ottawa, Canada, 34 India, 1 
Guelph, Canada, 21 Russia, 2 


Norway, 2 


The average percentage of aberrants for 
all progenies was 1.6, with values rang- 
ing from o to 21.9%. Forty-eight proge- 
nies appeared to be uniform. The thirty- 
one Wisconsin collections averaged 
1.65% aberrant, while the fourteen other 
nonuniform progenies averaged 3.65% 
aberrant. 

Brown (6) found that progenies of 
six lots of selected plants produced 0.09- 
18.18% aberrant types. Five others were 
apparently uniform. Fifty-five to 133 
plants of each lot were grown. 

BRITTINGHAM (4) observed an average 
of 14.8% aberrants in 115 progenies—ap- 
proximately 10,000 individuals—result- 
ing from open pollination. Four of the 
115 progenies showed complete uniform- 
ity; one had the maximum of 90.5% 
aberrants. This material originated from 
permanent pastures, commercial seed 
lots, numbered  experiment-station 
strains, and foreign-plant introductions. 

EDGECOMBE (8) studied twenty-nine 
progenies of P. pratensis; all but one 
were considered to be uniform or nearly 
so. MuSGRAVE (11) concluded that about 
go% of all types of P. pratensis observed 
reproduced seed apomictically. 

BROWN (5) gave a brief summary of 
the taxonomic status of P. pratensis, in- 
dicating that, since 1811, eleven classi- 
fications by systematists had established 
from five to twenty-two subdivisions of 
the species. He considered P. pratensis to 
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be composed of two primary groups as 
based upon general morphological fea- 
tures. 

TINNEY and AaAmopt (14) concluded 
that the intensity of grazing and other 
ecological factors, including locality of 
origin, showed little effect upon the se- 
lection of particular morphological types. 
WELLHAUSEN and WEIBEL (15) reported 
that plants from populations in “‘ pas- 
tures which had been maintained in a 
good stage of productivity over a long 
period of years” were generally more pro- 
ductive and much more resistant to leaf 
rust and mildew than comparable plants 
from pastures on areas of low fertility, 
particularly in relation to calcium and 
phosphorus. Plants from both types of 
pastures were compared under the same 
conditions. 

AKERBERG (2) concluded that general- 
ly the form complexes of Eu-pratensis 
did not seem to be confined to any par- 
ticular locality. The form complexes irri- 
gata, angustifolia, and alpigena, however, 
were thought to occur in somewhat dif- 
ferent habitats. The Eu-praiensis forms 
were observed to be highly variable and 
widely scattered, the others, including 
alpigena, being less so. Differences were 
not entirely clear, however. 

Classification of progeny plants as to 
agreement in type with the parent form 
has been based upon relative morpho- 
logic similarity at any period of the 
growing season. MYERS (12) has pointed 
out that classification upon this basis 
may be uncertain, since many apparent- 
ly normal plants produce progenies of 
varying character and may, therefore, be 
considered to be aberrant. Similar re- 
sults were reported by SmitH and NIEL- 
SEN (13). BRITTINGHAM (4) has suggested 
that increased mortality in sexual types 
should also be considered in relation to 
variation. However, when certain obvi- 
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ous limitations of the criteria used are 
recognized, the percentage of aberrant 
(sexual) plants in a progeny has been 
generally accepted as an accurate index 
of the extent of sexual reproduction. 
BRITTINGHAM (4) noted no significant 
differences to exist in percentages of aber- 
rant frequency when comparing collec- 
tions from different sources. Variability 
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was lost, this accounting for the lack of 
progenies from those states. 

In making the collections no discrimi- 
nation was shown as to location. Panicles 
were obtained from roadsides, fence 
rows, undergrazed and overgrazed pas- 
tures, and waste land. Some selection 
may have occurred, since only relatively 
well-developed panicles containing aver- 


l'r;. 1.—Distribution of 1941 collections of Poa pratensis in the United States. Dotted lines indicate 


general regional boundaries. 


was somewhat lower, however, in many 
progenies of plants grown from commer- 
cial seed. 


Material and methods 


Progenies from a total of 800 collec- 
tions from twenty-seven states were 
studied in the seasons 1941-44; these in- 
cluded 541 from Wisconsin. The dis- 
tribution of the collections in the United 
States for 1941 is shown in figure 1 and 
that for Wisconsin in figure 2. The writ- 
ers are indebted to a number of local in- 
vestigators for many of the collections 
from other states. Unfortunately, most 
of the material from Illinois and Indiana 


age or larger amounts of seeds were tak- 
en. Otherwise, relative culm height, tex- 
ture, vigor, and other characters were 
ignored. 

Progenies were grown from single 
panicles in a method similar to that de- 
scribed by TINNEY and AAmopt (14). In- 
dividual lots of seed were sown in 
steamed soil in small bread pans. Excep- 
tions to the procedure were necessary 
when commercial lots, bulk strains, or 
foreign-plant introductions were includ- 
ed. Such strains have been propagated as 
composite lots and do not represent 
single plants. When seedlings were 2-3 
inches tall, the sixteen to twenty-four 
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plants taken from each lot were re-estab- 
lished individually in small plant bands 
containing unsterilized soil. Subsequent- 
ly the seedlings were transplanted into 
the field in early May, as progenies of the 
original panicles. Figures 3 and 4 illus- 
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FIG. 2. 


trate the method of culture and the gen- 
eral appearance of progenies in early 
summer of the second year following es- 
tablishment. Observations were made of 
the vigor and relative numbers of seed- 
lings produced from each panicle, though 
these characters will not be considered in 
this presentation. The plants were usual- 
ly vigorous, with percentage of survival 
very high each year. In the fields, prog- 
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eny rows were 42 inches distant, and the 
plants were spaced 2 feet apart in the 
rows. 

Observations were made upon rela- 
tive vigor, uniformity, and disease reac- 
tion during late September of the first 


-Distribution of 541 collections of Poa pratensis in Wisconsin, 1940-1943 


year. Plants not corresponding to the 
principal type of the progeny (aberrants) 
were noted, although first season’s 
growth is not typical of that in later 
years. Detailed notes were taken peri- 
odically in the second season for a num- 
ber of characters. These included uni- 
formity, early (spring) vigor, early 
growth habit, aggressiveness, leafiness, 
leaf width, leaf length, foliage color, num- 














Fics. 3-4.—Poa pratensis. Fig. 3 (above), relatively vigorous progenies in rows early in second year of 
growth. Fig. 4 (below), progeny rows showing variations in color, vigor, and growth habit. Note highly sexual 
type on left. Consistent change of type in row indicates another progeny. Much of color difference is due to 
mildew infection. 
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ber and size of culms, plant height, earli- 
ness of seed maturity, reaction to dis- 
eases, and late (fall) vigor. Not all these 
characters will be considered in the pres- 
ent paper, though they were of use in de- 
termining the percentages of aberrant 
types. Data on early vigor were secured 
in 1943 only and represent only a part 
of the progenies. 

The following tabulation summarizes 
the notes obtained concerning the mor- 
phological characters analyzed. Differ- 
ences were indicated by the assignment 
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the diseases studied, and the former 
author verified the identification of the 
causal organisms in subsequent years. 


Results 
ABERRANT FREQUENCY 


UnitepD States.—The breeding be- 
havior of the 800 collections from differ- 
ent regions of the northern United States 
is shown in table 1. The large number of 
collections for the Central Lowland in- 
cludes the Wisconsin lots later consid- 


TABLE 1 


BREEDING BEHAVIOR OF POA PRATENSIS LOTS COLLECTED IN DIFFERENT REGIONS 
OF THE UNITED STATES WHEN GROWN AT MADISON, WISCONSIN 


No. oF 
REGION COLLEC- 
TIONS 
Northeastern... . SAF eee a5 CO 
Central Lowland....... | 577 | 
East Central : 13 
Northern Plains : 35 
Central Plains...... - 45 
Rocky Mountains... . se 70 
Northern Great Basin..... Eee 9 
INGER PAGING 6 s.05 5. rere 16 


of number values representing the rela- 
tive development of these characters 
among plants and progenies. These num- 
ber values are employed in several of the 
tables. 


Early vigor. Lowest number most vigorous. 

Growth habit. This character is based upon 
the general profile form of the plant and is 
somewhat related to aggressiveness: 1, pros- 
trate; 2, near prostrate; 3, semiprostrate; 4, 
near-tussock; 5, tussock. 

Aggressiveness. Lowest number most ag- 
gressive. 

Leafiness. Lowest number most leafy. 

Maturity. E, early; M, medium; L, late. 

Late vigor. Lowest number most vigorous. 


ALLISON and CHAMBERLAIN (3) re- 
ported the occurrence on bluegrass of 


Seve a Av. % ABERRANTS | 
SEGREGATING 


BASED UPON— | Max. % 
ABER- 
RANTS 

No. % Total Seg. 
31 88.6 26.2 29.6 | 60.0 
423 | 73-3 14.9 20.4 | 100.0 
II | 84.6 24.1 28.5 75.0 
24 | 68.6 Tr) '| aes 56.0 
39.6« |= (86.7 17.0 | 16.60 | 44.0 
64 | g1.4 10.0 | 1s 61.0 
7 | 77-7 g.1 11.7 31.0 
7 | 43-8 14.7 | 33.6 38.0 


ered separately. The classification into 
physiographic regions is a modification 
of that of FENNEMAN (9). 

Of the total number of collections, 606 
(75.8%) produced segregating progenies. 
No attempt was made to subject the re- 
gional data to a rigid statistical analysis. 
The chi-square test indicated a close re- 
lation between the number of collections 
from each region and the number segre- 
gating, the average percentage reproduc- 
ing apomictically being, therefore, rea- 
sonably similar in the several regions. 
The data for the North Pacific region 
may be an exception. Strains from the 
Rocky Mountain area were highest in 
the frequency of aberrants; those from 
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the Northeastern, Central Plains, and 
East Central sections were the most sim- 
ilar in this respect. 

The average percentage of aberrant 
types for all regions was 16.5. Consider- 
ing only those families developing aber- 
rants, this percentage was 20.5. It should 
be stated, however, that these percent- 


TABL 
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test indicated that variances for the sev- 
eral regions were not homogeneous and 
that the significance of differences could 
not be determined on a general basis. 
Wide ranges in the maximum percentage 
of aberrant types are indicated, with 
larger groups tending to exhibit highest 
values, as might be expected. 


E 2 


BREEDING BEHAVIOR OF POA PRATENSIS LOTS COLLECTED FROM 


DIFFERENT SOIL TYPES IN WISCONSIN 








acide cai Av. % ABERRANTS 
No. oF BASED UPON— Max. % 
SOIL AREAS COLLEC- ae ABER- 
TIONS RANTS 
No % Total Seg 
Knox* (silt loams and loams). spon: 131 85 65 12 18 100 
Miami and Carringtonf (silt loams and loams). 97 72 74 18 24 100 
Miami and Carrington{ (sands and sandy loams) 13 9 69 19 13 63 
Superior§ (clays and clay loams; northern area)) 39 | 26 67 II 17 75 
Superior|| — and clay loams; southern area) 37 | 3 | 6 S 15 | 18 52 
Sands{ ee ; 102 | 68 | 67 10 | Is 57 
Spencer. ee 41 27 | 66 if 18 67 
Kennan** (silt loams and loams). 56 40 | JI 12 | 16 67 
Kennanff (sands and sandy loams) 12 10 83 13 | 16 50 
eee Souan =e | r | = 5 6 25 
Wet land 8 4 | 50 I 30 6 
* Unglaciated region of southwestern Wisconsin characterized by occurrence of Fayette, Dubuque, Gale, Tama, and Dodgeville 


series. 
t Glaciated region of eastern Wisconsin; Carrington includes Pa 


rr series principally but with some Carrington. 


t Glaciated area of northeastern Wisconsin; characterized by occurrence of Onaway, Trenary, and Kewaunee series. 


§ Ontonagon series. 
Superior and Kewaunee series. 
© Coloma, Plainfield, and Boone series. 
** Includes Kennan, Milaca, Cloquet, and Iron River series. 
tt Includes Vilas, Omega, and Hiawatha series. 


ages are based upon certain morphologi- 
cal deviations in type, those classified as 
questionable not being included. The 
latter amounted to approximately 13.6% 
of the values given. It appears, there- 
fore, that the percentages may be con- 
sidered conservative. Significant differ- 
ences appear to exist among the average 
percentages of aberrants in strains from 
the different regions. Progenies from the 
North Pacific, Northeastern, and East 
Central areas were generally higher in 
frequency of aberrants. Although such 
differences may be real, the chi-square 


WIsconsIN.—An analysis is given in 
table 2 of the percentages of collections 
producing aberrant types and of the 
average percentages of aberrants for dif- 
ferent soil-type groups in Wisconsin. The 
classification of soil areas is general and 
follows that of WurTson (16). This classi- 
fication is broad and regional rather than 
specific, as the individual soil types of 
the sites at which panicles were collected 
were not identified. The chi-square test 
resulted in a very high p value, indicat- 
ing that relative numbers of progenies 
segregating were similar for the various 
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soil areas. The data suggest that collec- 
tions from peat soil and other wet land 
are less likely to produce aberrant types 
than are those from other soil areas, al- 
though the number of samples is very 
small. It is problematical whether differ- 
ences occurring among collections from 
other soil areas are significant. The high- 
est percentage of segregating collections 
is shown for Kennan sands and sandy 
loams; the next highest is for Superior 
clays and clay loam (southern area). 

A chi-square test of the variances for 
the percentages of segregation within 
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exists in maximum percentage of aber- 
rants among soils of different classes. 
Maxima tend to be higher where larger 
numbers of collections were available, 
but the data for sandy soils are somewhat 
divergent from this tendency. It would 
seem that the ultimate maxima for any 
soil areas might be similar but that the 
frequency of such maxima might, for 
various reasons, be considerably dif- 
ferent. 

Table 3 contains data with the collec- 
tions classified according to the length 
of the growing season where they were 


TABLE 3 


BREEDING BEHAVIOR OF POA PRATENSIS LOTS COLLECTED IN WISCONSIN 


AND CLASSIFIED ACCORDING TO LENGTH OF GROWING SEASON 














| Av. GROWING No. oF 
CLASS SEASON COLLEC- 
| (DAYS) TIONS 
| | No. 
I go-100 3 | 
2 100-110 14 
3 110-120 | 61 
4 120-130 | 104 | 
5 130-140 | 47 31 
6 140-150 137 97 
7 150-160 120 
8 160-170 36 
9 170-180 22 


progenies from the several soil classes 
showed that the error was heterogeneous. 
Removal of several selected groups from 
the analysis did not serve to reduce the 
chi-square value. The highest average 
percentage of aberrant plants occurred in 
collections from wet land; the next high- 
est was obtained for Miami and Carring- 
ton silt loam and loam regions, where an 
average of 24°) aberrants based upon the 
segregating collections was obtained. Al- 
though there is some variation in the data 
for the several soil areas, no gbvious re- 
lationships between soil and percentage 
of segregation are apparent. A wide range 


SEGREGATING 


Av. % ABERRANTS | 




















BASED UPON— Max. % 
ABER- 
| RANTS 
% | Total Seg. 
| 100 39 39 53 
| 71 8 II 50 
69 9 13 77 
65 Il 10 75 
66 9 14 50 
71 16 23 80 
68 12 18 100 
69 14 20 56 
73 17 23 100 





obtained. The divisions follow those giv- 
en in Climate and man (7). The chi- 
square test indicated a very good fit of 
the classes segregating in proportion to 
their total numbers. With the exception 
of the class in the growing season of go- 
100 days, they are essentially similar in 
the percentages of the lots segregating. 
In this particular class the number of 
collections was very small, and the per- 
centage is, therefore, relatively unre- 
liable. 

Wide differences are shown among the 
percentages of aberrants based upon the 
total number of collections. The go—100- 
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day class is again the most divergent, 
though numbers are too small for sig- 
nificance. With this exception, however, 
the strains derived from areas with long- 
er growing seasons seemingly have some- 
what higher average percentages of aber- 
rants. This relationship is less obvious 
when the percentages of aberrants among 
segregating types are considered. The 
test for homogeneity showed the vari- 
ance to be heterogeneous in this group. 
Exclusion of classes 1 and 9, however, re- 
duced the chi-square value to an insig- 
nificant amount. The F values in the 
subsequent analysis of variance indi- 
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aberrants indicate that the maximum is 
higher, as expected, for the classes with 
the larger numbers of collections, though 
some exceptions occur. 

Data based upon the classification of 
collections according to geographic areas 
of Wisconsin are given in table 4. These 
areas are from the differentiations made 
by Martin (10). In general, a close sim- 
ilarity is indicated among different re- 
gions with respect to the percentages of 
the collections segregating. Since the 
chi-square test indicated variance to be 
homogeneous, an analysis of variance 
was made. 


TABLE 4 
BREEDING BEHAVIOR OF POA PRATENSIS LOTS COLLECTED IN WISCONSIN 


| 
| 
) No. or 


GEOGRAPHIC AREA | COLLEC- | 

| tions | 

| 

Eastern Ridge and Lowlands.....} 103 | 
Central Plains. : ; nccacidll 103 
Western Upland... rN Mee: 

Northern Highland abate 107 | 
Lake Superior Lowland 42 





P exceeds 0.05; variance between regions, 719.925. 


cated that significant differences existed 
between certain percentages. Calcula- 
tion of the least significant differences 
for the numerous possible paired com- 
parisons showed 140-150-day lots to be 
significantly higher in average percent- 
age of aberrants than the 100-110-, 110- 
120-, 120-130-, 130-140-, and 150—160- 
day lots. In general, the groups from 
areas of longer growing season appear to 
have higher percentages of plants repro- 
ducing sexually. The shortest season 
class (go-100 days) is an exception, but 
the number of progenies in this group is 
very small. Relationships among differ- 
ent regions for maximum percentages of 


+ Pett 


AND CLASSIFIED ACCORDING TO GEOGRAPHIC AREAS 


eauncavint Av. ©) ABERRANTS ' 
} BASED UPON— Max. ‘ 
= = | | ABER- 
RANTS 
No ? Total Seg. | 
790 77 10 21 100 
7° 68 II 15 63 
128 67 | 14 21 100 
73 68 | II 10 | 100 
28 67 11 7 | 75 
! 


The significantly different paired com- 
parisons for the frequency of aberrants 
indicate that the Western Upland ex- 
ceeds in frequency of aberrants the Cen- 
tral Plains and Northern Highland areas 
and that the Eastern Ridge and Low- 
lands similarly exceeds the Northerh 
Highland region. The data show that the 
Eastern Ridge and Lowlands and the 
Western Upland areas average higher 
than other geographical regions in per- 
centages of aberrants. This suggests that 
collections from these areas give proge- 
nies somewhat higher in percentages of 
aberrants based upon the total number 
and also upon the number of segregating 





TABLE 5 


NUMERICAL FREQUENCIES OF PERCENTAGE CLASSES OF ABERRANT PLANTS IN STRAINS OF POA 


PRATENSIS BASED UPON SOIL AREA, LENGTH OF GROWING SEASON, AND GEOGRAPHIC 
AREA WHERE COLLECTED IN WISCONSIN 


| 
| CLASSES FOR PERCENTAGE OF ABERRANT PLANTS 





CLASSIFICATION 


| | | ee 
| Pe fe eet go 21-| 31-| 41-| 51- be | 71- | 81-| o1- 
| 


































































































To- 
10 20 | 30 | 40 | 50 60 | 7° | 80 | 90 | 100 tal 
| | | 
Soil areas* 
et eee | 7 FY FY | te 
Knox (silt loams and loams).............. 46 | 33 | 7/12] 3) 7 Meo eee cere \..2 3) ean 
Miami and Carrington (silt loams and loams)} 25 | 25 | 15 g | Io Silane ee ae 97 
Miami and Carrington (sands and sandy | 
OS es ey eee tar ere Pe 4 2 iiceowh theccsh. “iG Waser (ere Ae ge 13 
Superior (clays and clay loams; northern | | | 
1 Se ne cients Eras Rt ERE eae tnt “ey Meera ee Ja Mie Ss | ae eee ee : te a 
Superior (clays and clay loams; southern area)| 7 | 10 | 11 4 3 I i [Bettas (earners toeear [sos] 39 
PMMA sisi. ic wis Ki dio ninals BinGinia ys de esl an ots 34] 29] 28] 3 I a Gy Dae Paras raed lcs 0) OR 
PMEMANIE So 5 orate eis lovin aoa ecers motes Se eee 14] 11 6 6 2 I ee ay ees ee 41 
Kennan (silt loams and ie) ee 26: | 26] t2 4 I 2 2 ee ee ee ee 56 
Kennan — and sandy loams).......... 2| 4@| 4] t I }....]... F| Peds [eae vocal: ae 
POEs. cece PRee CRAG Ee overs me 6 ee eee, eee ee Pere fee Pee ee Bee PP 5 
Wet land AREA ER Cte aay Ve ie I 8 ee re Ce ee | 8 
RUMORS cca ees ore staal eae eek .|169 |144 |118 | 43 | 25 | 22 | 7 5 | 4 |. | 3 | 540 
| 
Length of growing season 
ND RAMMING sinc Shahin cs scviss ig ais clar® ney siai hoo) Sard eaiaie Aion I | 2m Gea eee: fame 3 
BOO EMOMNYS 655.5. 5-0 05 bs vis spans dase seuss 4) 8 3 Apes ee a ee erate | Camere, Caer 14 
MGA MRIS cies (5 ss cial sag eit eisai ew ek Ig | 20] I9 ee 61 
EE SOURIS Se 16 in 579d ors wis ier eae a Her | 36 | 28 | 23 | 10 a er I I 104 
NINE css es arent attra > caer 16 | 16] 10 2 I ot panel Tat | AAEa 47 
Ee AROMNUE os sac co ncasumeeaasoe ewer 40 |'30°]°95 1 ta | Oo. a3] 3 2 I 137 
PEO UO MAVS: asa tkcri4ce ware ss csloemeron a9 )33 | 37 | to} 3) 31 2 I | 120 
160-170 days.... i hicaPn DiRIa sbi eta abete eter ere II ae te 3 4 I re 
Fane Nene MEE ois a.ci0's 0a'e asic t ad eevee auras 61 6) 2) sis ee Se I 22 
= Sraseie EteAe, Ec SER OS NRE (ERE) aE. 
Total : A er ee rt ck lrqz 146 |120 | 43 | 24 | 21 9 4 | ioe Se 
Geographic areas 
. : | | | 
Eastern Ridge and Lowlands............. 7 23 | 31 | 22] 11 | 10 | 3 a ee ee 1 | 104 
ROSA MORE 5c side wesc wield Ohba 4 We ee 29 | 33|27| 7| 9| 4| 1 ie 2) reer ees emer 
eee CCS EA a ee ee | 65 | 40] 39 | 18] 9 | 14] 3 2 I I | 192 
heron: 1): he area | 35 | 35.| 22 7 S21 2 2 I 1 | 107 
Lake Superior Lowland................... | 14] 10] 13] 1] 3 Jeeefeeee : ele 42 
eS en, ees Ceara ees Fee Me, ee Pewee: he 
RUN capt ee Sra Bis ee ear ee om i149 |123 | 44 | a5 | 22 8 | 4) 4 me 3 | 548 
| | |_| | 

















* Cf. table 2. 
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collections than do those from other re- 
gions. Maximum percentages of aber- 
rants appear to be reached, as previously 
indicated, when larger numbers of col- 
lections are involved, although the Cen- 
tral Plains area is an exception. 

The relative frequencies of percent- 
age classes of aberrant plants for the dif- 
ferent soil groups of Wisconsin (16) are 
shown in table 5. The low and zero per- 
centage classes contain most of the col- 
lections for all soil areas. There appears 
to be some tendency for collections from 
Miami and Carrington silt loam and 
loam soils to range into somewhat higher 
classes. Lots from Knox and sandy soils 
showed somewhat higher frequencies 
than average in the lower percentage 
classes. A less marked trend is indicated 
for collections from certain other soil 
types to show irregular tendencies. This 
is particularly notable for lots from 
Miami and Carrington and Kennan soils. 

The frequencies of percentage classes of 
aberrant plants based upon classification 
for length of the growing season are also 
given in table 5. There is an apparent tend- 
ency for lots collected from regions hav- 
ing 120-130-, 140—150-, and 150-160-day 
growing seasons to have somewhat high- 
er frequencies of aberrants than the aver- 
age. The general relation of the length of 
the growing season to the frequency of 
aberrants, however, indicates no particu- 
larly striking tendencies. 

Data for classification based upon geo- 
graphic areas in table 5 suggest that lots 
from the Eastern Ridge and Lowlands 
and Western Upland areas have some- 
what more widely distributed frequen- 
cies than the average in the various 
classes of aberrant plant percentage; the 
Western Upland area had a somewhat 
higher proportion in the zero class. Other 
groups are generally similar to one an- 
other in relative distribution. 


GROWTH CHARACTERS 

UNITED STATES.—The numerical fre- 
quencies shown in table 6 are of the 
United States collections classified for 
early and late vigor, growth habit, ag- 
gressiveness, leafiness, and maturity. 
Graphical examinations have been made 
of the frequency distributions of the per- 
centages in the various numerical classes 
considering each region for each char- 
acter. These studies indicated that the 
distributions are essentially similar 
among all regions for each trait observed. 
This is particularly true for early vigor, 
growth habit, and aggressiveness. Com- 
parisons of the relationships among re- 
gions for leafiness, maturity, and late 
vigor were of greater contrast. Only char- 
acter relationships which were somewhat 
variable among regions will be discussed. 

There was some indication that strains 
from the Northern Great Basin were 
more often of the low prostrate growth 
habit than were those from other regions. 
The number of samples for this region, 
however, is quite small. Collections from 
the East Central region showed a slight- 
ly different distribution for aggressive- 
ness than those from other regions, the 
former being generally less aggressive. 
Collections from the Northeastern and 
North Pacific regions were somewhat ex- 
ceptional to the general average of the 
material from other regions for leafiness 
characters; much higher percentages of 
these two groups were leafy, with the 
stemmy types being relatively infre- 
quent. In relative maturity the lots from 
the Northern Plains and the Northern 
Great Basin were generally earlier than 
those of other regions from which most 
collections were classified as medium late 
to late. Differences in this respect were 
quite marked. The most diversity oc- 
curred with respect to the degree of 
vigor shown by collections from different 
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regions at the time of maturity. Material _ the relative representation is not entirely 
from the Northern Plains and from the comparable. It is concluded, however, 
Central Plains appeared to be generally that there appears to be little character- 
more vigorous than that from other re- istic regional diversity among strains for 
gions. Very few lots were classified as ex- early vigor, growth habit, and aggres- 
tremely low in late vigor. siveness but that there is some contrast 


The numbers of collections from the among regional lots in leafiness, relative 


several regions are quite different, and maturity, and late vigor. Whether such 


TABLE 6 


NUMERICAL FREQUENCIES OF STRAINS OF POA PRATENSIS FROM VARIOUS REGIONS AND STATES 
IN CLASSES FOR VIGOR, GROWTH HABIT, AGGRESSIVENESS, LEAFINESS, AND MATURITY 
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differences are significant with respect to 
the natural development of regional 
types of bluegrass appears to be ques- 


tionable. 


WISCONSIN.—Numerical 


frequencies 


are presented in table 7 for the soil, 
growing season, and geographic classifi- 
cations of the Wisconsin collections for 
the several characters of growth. It is 
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somewhat difficult to make comparisons 
because of insufficient numbers in some 
instances. These frequencies are not di- 
rectly comparable with those for the col- 
lections for the entire United States. 
Much diversity was shown with respect 
to soil areas. 
Considerable diversity in frequencies 
for growth habit existed among the col- 


TABLE 7 


NUMERICAL FREQUENCIES OF STRAINS OF POA PRATENSIS IN CLASSES FOR VIGOR, GROWTH HABIT, 
AGGRESSIVENESS, LEAFINESS, AND MATURITY WHEN BASED UPON SOIL AREA, LENGTH OF 
GROWING SEASON, AND GEOGRAPHIC AREA WHERE COLLECTED IN WISCONSIN 



























































Early GrowTH AGGRES- . - | Matv- . 
VIGOR HABIT | SIVENESS LEAFINESS RITY LATE VIGOR 
CLASSIFICATION eee nes a } ees) Pree ea ea 
| } | | 
Lal STEELS STA Stee sl alaerse Set stere ier ei tre1si4¢1s 
| | | | | 
Soil areas* 
‘ : | | | | ys 4 | 
Knox (silt loams and loams) , 8| ro] 14) 14] 30) 35! 12) 3, 14 36 23) 32, 25) 61] 18) 0} 26) 45] 34) 14) 41\ 35 12) 3 
Miami and Carrington (silt paw } | is } 
loams and loams) |} 3} 6| 8] 4] 21] 20) rs) 1) 9 16) 24) xo} 23] 25] rx] 4] 2z] 22] 18) 6) rx] 17] 23) 3 
Miami and Carrington (sands | ca | | a a ee Sy 
and sandy loams) 1] 8 3] x] 2) 4| 3) 2} 2| 6 gs} of af of 3] of zt] S| 7} of 3f 4 4] 2 
: } 
Superior (clays and clay loams; Be | Pw | eS ie 
northern area) Oo} 3] 2) 6 7] 7| 14) 5) 9 14) 4) 13) 15] 17) 5) 2) 23} 7) OF I} 3) 8) 20) 7 
Superior (clays and clay loams; | | } | } | } | | } | 
southern area) o} of} of 2] 2] 0 of of of x) oO 3) Of I 3) Of 2) 2] of of 1] Of 2} & 
Sands ; 7| 15} 6) 11| 28) 37) 9} 5§| It) 35; 26) 23] 17) 42| 16) 35) 42| 36] 12} 6| 21/) 29) 31] 5 
Spencer 1} 4} 2| 3] 7] 13} 16) 2) 9) 6| x5| x4} 24] 12| 2) 3] 18] o| 1s] 3] 7] 13] 16] 2 
Kennan (silt loams and loams) 1} of of 1] 8 18) 7) 4! 3) 2) 16) 14) ro} 16) 6) 3) ro) 12) 4) 1) 2] 13) 16) 3 
Kennan (sands and_= sandy | | = . | ; | | } | 
loams) o} 4] 1 o| 5 2} oF} 2] of 5 3 I I} 5} 3) o} 3} S|} I o| 6S 2} o| 2 
Peat eo} oO} oO} o| of 3] 1] 1) oO} 2) 3) of x} 2) Xf rf S| oO} of of | 3] 1) 1 
Wet land 1} 2] of of a] 3] 2} t 8 4) 3] unt af 7} 4} 68] US} 6€O} 3) 6 hun 63) 6} lt 
Total 22| 61] 36] 42\120]142| 79) 23) 58:127\120\108 120/197] 72] 26 165|143|103| 32 gs|127/127) 30 
Je oe ee ee Be ey Se ee ee | | 
Length of growing season 
Prrre vPrere | | | | | 
go-100 days o} oOo} oo} of} zt] 2] of of of 2] of 2} of af af} of a] 2] x} of af of 2) o 
100-110 days 9} « o} of 2) 8) 3) 2 1 or} oS} 67) 6 7 Tt] of 8} 4) 2 1| o}| 6) 5s} 2 
110-120 days 3} 4] 1) 13 22] 17} 5) 3| 3} 15} 26) 17] 12| 29) 12 8| 18] 27] 16] 5] 7] 15} 31 3 
120-130 days o} 6] 4! 7| 20} 30) 34) 7| 17] 26) 25) 20) 37| 33} 18) 8) 25] 40] 31) 17] 19) 30] 27) 4 
130-140 days. 3} 6) 6} 3} 13] 20} 9] 3) 5) 15 18| ro} r2| 18] r2| 6] 8] 27] 13] 6) 15} 16) rr| o 
140-150 days 5 18) o| 4! 7] 32| ra] 5| 12] 22] 25] 3] 21] 28] of 4| 25] 10 18) Ir| 21] 20} 8 2 
150-160 days 7| 15} 6) 12] 36) 27) 7 3| 13| 28} 18] 29} 15; 53] 15} ©} 27] 32] 26] 13] 15] 16) 39) 2 
160-170 days 4| 13} 9} 4] 11] 8) 4) 3) 3) 17] 6) 4] 8] 28) 4] Oo} 2} 10 18} 7) 11) 5} 4) % 
170-180 days I 1| 3} 1| | 2} 4| oO} 2 2) ro} x 4l 6) 3| o| 6] 2 6 2} | 3 8} o 
T a ee, | aoa ee ae GE eh BY, cae ini SS gn ie 
otal 23} 63) 38) 44/119|146| 80] 25) 55\128)133\101/115/194 75} 26|120/162|131| 62) OI\I11/134] 14 
| os it | | ae ee 
Geographic areas 
a | : © ra | | Po "ho ee fe 
Eastern Ridge and Lowlands 4} 16] 4] 5| 25| 21| 16} 2) 12] 23] 25] 15| 25| 30] 15] 0} 18] 21] 29] 13] 18] 16] 27| 4 
Central Plains 7| 8) 7| 11) 23) 40) 12) 7| 6) 19) 40) 28) 22) 47] 22) 13] 21] 50] 22) 10} 18) 30) 35) 
Western Upland 8) 31/ 23| 14) 43) 30, 13) 4] 15] 50] 24] 24] 24] 73) 15} 1] 21] 30] 53) 18) 39) 22] 32] 1 
Northern Highland 2| 5) 2) | 21| 36) 26) 7] 14] 23] 20) 34] 34] 46) 20) 10| 32] 37) 31| 7| 10) 32] 35| 7 
Lake Superior Lowland o| 5| 2| 6| 7| tr} 14} 4} 8] 45] 6) 13) 13] 20] 7} 2] 9] 10] 14] 15] 6] 121] 8) 2 
Total 21! 65) 38) 45\119\147| 81| 24) 55/130|124\114\118 216} 79| 26\101\166|149| 63) go|r11\137) 14 
| | | | 


* Cf. table 2. 
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lections from the various soil classes, but 
few of these appeared to have any no- 
table characteristics. The classification for 
aggressiveness showed considerable vari- 
ation among lots. Those from Spencer 
and Kennan silt loam and loam areas 
generally had somewhat similar fre- 
quencies; those from the two Superior 
clay and clay loam areas had similar dis- 
tributions, with a tendency toward non- 
aggressive types. Other than these gen- 
eralizations, the relationships were suffi- 
ciently irregular as to appear to be of lit- 
tle significance. 

In the frequency distribution of col- 
lections classified for leafiness, leafy 
types were relatively more numerous in 
the data for the Spencer soil area than 
for any of the other soil groups; otherwise 
the frequency distributions for leafiness 
classes were quite similar. 

Frequencies for maturity classes 
showed greater divergence among collec- 
tions from different soil areas than did 
those for other characters. Lots from 
peat soil were notably early in maturity. 
Those from Kennan silt loams and loams, 
Kennan sands and sandy loams, wet 
land, and Superior clays and clay loams 
were also relatively early in maturity. 

Types from Kennan sand and sandy 
loam soils had a high frequency of vigor- 
ous strains in the classification for late 
vigor. This is of doubtful significance. A 
relatively high frequency of marked 
vigor was also shown by lots from wet 
land. A relatively high frequency of mod- 
erate to poor late vigor was indicated for 
types derived from Superior clays and 
clay loams. Lots from Spencer soil and 
Kennan silt loam and loam soils showed 
somewhat similar distributions but had 
relatively higher frequencies in the medi- 
um vigorous and vigorous classes. 

Frequency comparisons for classifica- 
tion based upon length of growing sea- 
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son (table 7) show that the relationships 
among classes for early vigor, growth 
habit, and leafiness are fairly comparable, 
no marked differences in regions being 
indicated. The collections from areas of 
shorter growing seasons showed relative- 
ly high percentages of intermediate types 
with respect to growth habit, whereas the 
160-170- and 170~-180-day regions pre- 
sented a somewhat disproportionate fre- 
quency of low-growing types. Collections 
from the 140-150-day region tended to 
resemble those from the areas of shorter 
growing seasons. 

Distributions for the seasonal areas 
based upon aggressiveness were quite ir- 
regular. Relatively more aggressive types 
were found in the go-100-day region; a 
fairly high percentage of aggressive types 
was also shown in the 160-170-day re- 
gion. The frequency of such types was 
low in the 170-180-day region, and the 
100-1 10-day region showed an unexpect- 
edly high proportion of nonaggressive 
types. Distributions of frequencies in 
leafiness classes for the various lengths of 
growing seasons were very similar, no 
notable tendency being indicated. 

Classification for maturity presented 
the most irregular data of any of the 
characters studied, no relationship ap- 
pearing to exist among regions for this 
character. There was a tendency for lots 
from the 1oo-110-day region to be early 
in maturity. Collections from the 110- 
120-day area showed no apparent rela- 
tionships. Lots from the 160-170-day 
area were relatively late in maturity, but 
those from the 170-180-day area showed 
no apparent relationship to the groups 
from the areas of shorter season. 

The distributions of frequencies in the 
classification for late vigor were generally 
quite different for the various seasonal 
groups. Lots from the go-100-day group 
showed a relatively high percentage of 
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progenies of marked vigor, but those 
from the t1oo-110- and 110~-120-day 
groups exhibited a general tendency to 
lack vigor, as did those from the 150-160 
and 170-180 groups. Data for the 120- 
130, 130-140, and 140-150 groups pre- 
sent fairly comparable distributions, with 
some tendency for types to be average in 
vigor. The 160-170-day class was higher 
than average in vigor. It should be noted 
in the classifications for growing season 
that only three collections were repre- 
sented in the go-100-day class. 

In summary it may be said that 
grouping the collections on the basis of 
the average lengths of the frost-free sea- 
son indicates much variation among 
groups with respect to the characters 
studied but no consistent relationships. 
Most diversity exists in the characters of 
aggressiveness, maturity, and late vigor, 
and it is very difficult to see any general 
trends. 

When the data were grouped by geo- 
graphic origin of collections (table 7), the 
frequency distributions among the early 
vigor classes were very similar for the 
several areas except for the Central 
Plains region, where fewer intermediate 
types occurred. In growth habit the 
Eastern Ridge and Lowlands and the 
Western Upland areas showed propor- 
tionately higher numbers of low-growing 
types, while the Lake Superior Lowland 
group had a proportionately higher fre- 
quency of the bunch type. Considerable 
diversity was shown among regions in the 
classes for aggressiveness; only the West- 
ern Upland and Lake Superior Lowland 
distributions were closely similar. The 
latter area showed a proportionately 
large number of nonaggressive types, as 
did the Northern Highland group. The 
Central Plains class was relatively high in 
intermediate types. Distributions for fre- 
quencies of classes for leafiness were very 


similar among the regions with the West- 
ern Upland group containing more inter- 
mediate types. In the maturity classifica- 
tion the Eastern Ridge and Lowlands 
and the Western Upland classes were 
similar in their relative frequencies. The 
other three areas were somewhat alike 
among themselves, but the Northern 
Highland group contained proportionate- 
ly fewer intermediates. Classification for 
late vigor showed much irregularity in 
relation to geographic areas. The East- 
ern Ridge and Lowlands, the Central 
Plains, and the Northern Highland 
groups were not widely divergent. Lots 
from the Western Upland and Lake Su- 
perior Lowland regions were divergent 
and between themselves showed some- 
what opposite frequencies except for the 
least vigorous classes. 

Among the several characters ana- 
lyzed the variation in leafiness was most 
comparable, whether groups were based 
upon soil areas, upon relative lengths of 
the growing season, or upon geographic 
sections in Wisconsin. Early vigor and 
growth habit might be considered next 
most constant, whereas aggressiveness 
and late vigor were most variable. 

Classification for soil areas produced 
most irregularity in relative frequencies, 
while grouping based upon geographic 
areas showed least diversity. 


PLANT HEIGHT 

UniteD StaTtes.—Although plant 
height at maturity is perhaps a character 
of little practical importance, it seemed 
evident that its value might be more ac- 
curately measured than other plant fea- 
tures. A comparison of strains upon this 
basis for the geographic regions of the 
United States is presented in table 8, al- 
though the number of strains was gen- 
erally insufficient to permit detailed 
comparisons of frequencies in the differ- 
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ent regions. The collections from the 
Northeastern and the Central Lowland 
sections of the country perhaps include 
types averaging somewhat shorter in 
culm length. Distribution of the lots from 
the Central Lowland also suggests a neg- 
ative skewness compared with the aver- 
age frequencies of all progenies. It would 
appear very doubtful whether the differ- 
ences indicated are of any significance. 
Wisconsin.—Collections from the 
various soil areas of Wisconsin have been 
classified for culm height (table 9). In- 


age type. Strains from the 150-160-day 
area included an exceptional number of 
medium short types; a two-peaked curve 
resulted. 

Data for geographic areas (table 9) 
suggest that all distributions resemble 
the normal, though minor variations 
occur. Western Upland and Northern 
Highland strains included proportionate- 
ly more medium short types, while the 
Eastern Ridge and Lowlands and North- 
ern Highland areas had relatively numer- 
ous tall biotypes. 


TABLE 8 
NUMERICAL FREQUENCIES FOR HEIGHT OF PLANT OF STRAINS OF POA PRATENSIS FROM 





GEOGRAPHIC REGIONS OF THE UNITED STATES 








PLANT HEIGHT IN INCHES AT MATURITY 





















































REGION | | | | 
| | | To- 
17 | “a sd 20] 21] 22| 23 25 | 26] 27] 28] 29| 30] 31 | 32! 33 34] 35 | 36] tal 

| | 

Northeastern rj} 1 | I q oan ee et 3, 8| 2 1| tM A. I ia hoes 
Centra] Lowland .-| 1} 2] 6] 3] 3] 7 | 18) 17] 26) 38) 38) 21) 19) 10) 7 | 4} 11) r | 3 |235 
East Central ey eee sof eel. oles Pe; ee eee et fee ee ee 
Northern Plains Lctlersfossbereencp Si ost 2 Se Se ae | | 34 
Central Plains pemfese| tel -ce|= so] fo 40Sul Sat esr aslo) Sl em US|) a | 1 | 45 
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sufficient information is available to 
make comparisons between some regions, 
and data are meager for all soil regions. 
Comparing relative frequencies, dis- 
tributions are somewhat similar. Proge- 
nies from plants of Spencer soils and of 
Kennan silt loams and loams were some- 
what deficient in types of average height 
and were more variable than the average. 

Results of the classification based on 
the length of the growing season are also 
presented in table 9. The 100-110- and 
130-140-day classes were more variable 
than the other groups with proportion- 
ately more short and more tall types. 
Other distributions approached the aver- 


Groupings based upon length of the 
growing season appeared to show more 
diversity in plant height than those 
based upon soil and geographic areas. 


DISEASE REACTIONS 


Certain diseases of Kentucky blue- 
grass occurred with sufficient intensity 
and general distribution to permit ob- 
servation of strain reactions. The dis- 
eases were not equally abundant in all 
seasons, and plant reactions were some- 
what variable from year to year. The dis- 
eases observed included leaf rust caused 
by Puccinia poae-sudeticae (Westend.) 
J¢érstad and P. rubigovera (DC.) Wint.; 
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TABLE 9 


NUMERICAL FREQUENCIES OF STRAINS OF POA PRATENSIS IN CLASSES FOR HEIGHT OF PLANT 
WHEN BASED UPON SOIL AREA, LENGTH OF GROWING SEASON, AND GEOGRAPHIC 
AREA WHERE COLLECTED IN NWI ISCONSIN 









































CLASSIFICATION } | | | | | | 
18 19 | 20 | ax | 22| al 24 25 | 26 | 27 28 | 29 | 30/ 31 | 32] 33| 34| 35] 36 i 
| || BERR | 
| Soil areas* 
SuPpraseere PTT rT. 
Knox (silt loamsandloams)}...| 1 2}r] 4} s| 3] 14] 7| 14) 16) 12) rt} 5} 7] 13 Qi. . |105 
Miami and Carrington (silt = } | m 
loams and loams) SRS) eee Seen Epa, Shem eeeea| es | oars as ee Ore Ae ; | 2 
Miami and Carrington | Ai 
(sands and sandy loams)}...| 1 4). a... 2 3 am Gs a Gg #4 ooo) SO 
Superior (clays and clay} } | By 
loams; northern area). .|...|...|...| 2 ]...|.- | a at 3) SE SP aeccbecsf oS OE Menace 
Superior (clays and clay | | | 
loams; southern area)...|...) I |... Aceol St 20S) Sb ae 3 2 I 16 
GIB rs scinard lala Soke Kas aolke edhe Cob teh teat, ke cake eee eee 4 
Spencer. . I |e Pee ee | 3} 4 8 of 4 4) «S} Of 3} 64 C2 1 | 60 
Kennan (silt ‘loams and| ; | 
loams) : Bees coe a) aj uosi| a4 oa lst 3} la ht Ct 3 | 33 
Kennan (sands ‘and sandy] i ee ae 
OGIEB) 05 pc0necs cca sapewslesdhh Seep) oan cae Can eae oes I\. I|. | a i a 
PEA. we cecvesevevesefecafese) Bocspecsfocefacctescpess) 2) @) Ei Mis. specah) Mivsataestenapeeg 
Wet land aesdeccbeccbevsfecedesep Blceclosctecsp @ - gach Se 3 
Total 1 | 3 | 12] 3 | 12} 10) 17| 33| 32] 43| 38 30 29, 24| 17\ 11] 9 2 |326 
| | | | | a es ee ee | 
| = a i 
| Length of growing season 
| 
_ = eh a ae a ae ae i on an Se a 
} | } 
cg a; Tn) OA aren mel bara) Par mar) coped chery feat Sy 2 y ee 
100-110 days Rew: ya 6, HI 1| I L at |...] 33 
110-120 days ae 2}. a 4tGgda si Y shy wa 4 I | 43 
120-130 days r | I I 3) 2) 1 8 6 7| 7) 3) 4) 3) 6 4) 1 ae 
130-140 days & 2 1} 2) 2) 3) 7) 2| 2) 2) 1...) 2} i. 29 
140-150 days | I 2). 2} 1} 2a a 4 11/ s| 3| 71 4| 2 1) 1). 1 | 51 
150-160 days } eer 3} 2| 6) 11) 2) 7] 16) 10} Io) 8} 4, 5| 4 | go 
160-170 days I Fa 1} 2} 2) 7] 4 5) 4 3) 2... } | 30 
170-180 days Mae] ee el cr 1) 1] 2] 1) 2 } ens] | 33 
Total... | t | 3] 22] 3 | 12] 9} 27] 33) 32) 43 30 30) 29 24) 17| 13] 10 2 [327 
| | | | | 
| Geographic areas 
Beers | | | 
Eastern Ridge and Low-| |_| } | | i a 
lands..... : ee Pel @ 11 1} 5] 3} 9} 11) 7] 6 7 QI 31 4 3i- 74 
Central Plains. 1 | 3}r{ 3} zy 3} 8 8 7 S| 5} 3 4| 3} 2) 2}. 57 
Western Upland |. i , ee 4 4| 12) 7] 15| 17] 14) 13 6| Ye | ae I |109 
Northern Highland | ..[...] 2] 2 | 5s} 3] 4) 10 5| 7 6 3) 5} 3] 7 S| 1 I | 69 
Lake Superior Lowland...|...| 1 | 1)...|..-].-.| | 2} 2) 3) 3] 3) 1 2... I 20 
‘ie Basi fom ae al ert me a we eee eo ca wee ak em iow 
PO oi PSS FG | 12| 3 | 13) 9} 17| 33| 31| 43] 38 31) 29| 24| 18] 12) 10 2 |329 
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* Cf. table 2. 
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powdery mildew (Erysiphe graminis 
DC.), and leaf spot (Helminthosporium 
vagans Drechs.). It is thought, however, 
that P. rubigovera was relatively unim- 
portant in the season when leaf-rust re- 
action was observed. Since data were not 
obtained for all collections, numbers 
may not coincide with those for other 
characters. The plant reactions were re- 
corded numerically; 0, no disease ob- 
served; 1, resistant; higher numbers rep- 
resented progressively a more susceptible 


a somewhat higher proportion of mildew- 
free strains but also a higher number of 
susceptible ones. Intermediate reaction 
types were lacking. The highest propor- 
tion of susceptible types occurred in the 
Northern Plains group. Approximately 
34% of all collections studied were clas- 
sified as mildew-free, whereas 12% were 
very susceptible. 

The frequency distributions for leaf- 
rust classification were very closely sim- 
ilar for all regions. High percentages of 


TABLE 10 


NUMERICAL FREQUENCIES FOR DISEASE-REACTION CLASSES OF STRAINS OF POA 


PRATENSIS FROM VARIOUS REGIONS OF THE UNITED STATES 








| MILDEW 














LEAF RUST 
REGION 

| ° I ) 2 3 ° I | 2 | 3 
Northeastern.................. |i | 3 | 6 9 | 13 | 19 2 I 
Central Lowland...............| 41 22 28 17 9 76 17 7 
Tg oo ee 3 2 5 3 2 10 I ° 
Northern Great Plains.........) 4 19 II ° I 27 4 2 
Central Great Plains........... | 18 7 16 4 8 28 8 2 
Rocky Mountains.............| 8 8 10 ° 3 16 6 3 
Northern Great Basin.......... |} 2 5 e ° I 5 2 I 
NOME POGNC: ooo cis sacs acces | 4 5 I 2 4 9 ° ° 
APU 5 cs cc mroue ae nde sete 97 | 71 5 41 190 4° 16 
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reaction. Those classified as of reaction 3 
were considered to be very susceptible. 
UNITED STATES.—Numerical frequen- 
cies of reaction types for the several re- 
gions of the United States are shown in 
table 10. Insufficient leaf spot developed 
in 1943 to provide information concern- 
ing reaction toward this disease. The fre- 
quency distributions for classes of reac- 
tion to mildew were very diverse for the 
several regions; those for the Northern 
Plains and for the Northern Great Basin 
were essentially similar, and those for the 
Rocky Mountain and North Pacific 
areas varied in a different manner. Other 
regional distributions comprised a third 
group. The Northeastern region showed 


the collections were rust-free or were 
slightly infected, but no regional tend- 
encies were evident. 

Wisconstn.—Data for classification 
according to soil in Wisconsin are given 
in table 11. Frequency distributions for 
mildew reaction were generally similar 
among the soil groups except those for 
Kennan sands and sandy loams and for 
wet land where few data were available. 
Miami and Carrington silt loams and 
loams and Kennan silt loam and loam 
classes included more resistant progenies 
than the average. Of all the strains, how- 
ever, 85% were classified as mildew-free 
or resistant. 

Frequency distributions for the several 
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TABLE 11 
: NUMERICAL FREQUENCIES OF STRAINS OF POA PRATENSIS IN DISEASE-REACTION CLASSES WHEN 
f GROUPED ACCORDING TO SOIL AREA, LENGTH OF GROWING SEASON, AND 
nh GEOGRAPHIC AREA WHERE COLLECTED IN WISCONSIN 
— i i —— = 
e MILDEW Rust | LEAF SPOT 
y CLASSIFICATION | ' | | ale 
= ° I 2 3 4 ° I 2 3 4 ° I 2 3 
.- | | | |" | | 
} 
| Soil areas* 
:, . | | r | ol. 
Knox (silt loams and loams). . las} 3tl o| 2) 31 S$} gel 9O) aet 2) abt eta] 2 
5 | 
f Miami and Carrington (silt loams| | 
Pe A NC Ee er | 36| 10| 1 3 j----| 2] 24 | 20/ 7 1| 20/15] 3 I 
Miami and Carrington (sands and] } | } 
sandy loams)..... Jo 2| 2 aol OF OF 88.6004: 
Superior (clays and clay loams; | | | a a 
i |  ) ree | II 6] 3 I r{....| 16 | 16 | ei 2 6 | 14 7 I 
Superior (clays and clay loams;| | 4 | | 
Nt | ee ire a eee er ee sere! eaemee) ‘rae gtd eee! et eee) ae 2 | oe 
code Rick aaitca wat veers fc oe ie a See oo ala! 6 | 1 | 17 | 22 | 5 
Se Se a CR ee te a yn tp i ee eee } 1} 1 S) 18) 3) ©) Fa a} s 
Kennan (silt loams and loams)....| 20 | 4 I I | s - | 18 91 41----1 § | 2 2 2 
Kennan amnaie and wheued eared rt 4 ae 7° 4 2 | 7 I oo oe Oo a (ee 
eae Stake a ae Fare ae oe I I £0 cx: “7 ‘ 
Wet tay oik cos snteminwaceiees 7 4 | 2 r | a 3 | 4 | |-++-[-- r |.. te 
Se | OO | a ——— 
Total vical bee gedaan ok CNC | 31 | 9 | 6 | 15 [181 134 62| 8 | 78 {121 | 35 | 16 
\ \ \ 
Length of growing season 
' ; am gear ] 
90-100 days.......... wart * ee pee pe |. Ba 3 1 | “J re 2 | ‘hs. 
100-110 days....... ae a ea eee 7 I et FE s rt:.. 2 aes 
NIG-T0O WENOR es ecdiexaslcanc sibs 29 | 7\ 2 | Rhea 35 | 21 | 2 3\19|18| g| « 
440-190 G98... 5.25 ares | 34 | 19 | 4 I | TY 5 | 29 | 32 24 2] 12/42/13} 7 
TH-TW GIR iisc cc crcreccctieaws | 1 | fcc 81 2B} Te) 4 | 4 | 19 zi 8 
a A asmata 3B) 2) 6 1 ee 2 | 28 16} 10} 2) 9) 9 2\ 1 
150-160 days ; aes 41 | 28 6 I| 3 ; @ 29 | 32 | 24 | 24 | 24 8 5 
OSA EGO UA Aes cs cane teaawein 4) 10) 2}.. oooh Ue Oe 3 1| 3 ey 
PIO-860 GOIS 5s eects. Of...) hs | ay ie ere eee 6} 2 
Ce eee me }s59 } 86 | 29 | 8\ 6) 24 \187 |126 | 66| 7 | 76 \129 | 36 | 16 
| | | 
Geographic areas 
} — 
; ait | Bet ee oS 
Eastern Ridge and Lowlands... ..| 53 3. 2 2}. 7 | 29 | 19 | 15 1 | 22 | 18 2\) 5 
Central Plains........ ROPE! tas 6 3)... 6 | 30 15 | 2 | 1 | 19 17 Oo 
Western Upland................ 155 | 37 | 12 r{ 3{ 7{| 47 | 36[ 18 ae 1m{2r/ 7/ 2 
Northern Highland. ............1 47 | 20 |....[.0.. | 2\ 1| 17 | 29 18 | 3|14| 28] 8 
Lake Superior Lowland.......... | 19 2 I | 2) 2 9 9] 2 } I 7 oS) 2 
ORME 5053 srirrartystomncr ales j219 | 74) 21) 6 7 22 \141 |108 cei 6 | 17 | 89 | 19 | 8 
t t i 
* Cf. table 2. 
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soil regions with respect to reaction to 
rust were very similar and approached a 
normal distribution. Types from Spencer 
soils were somewhat more rust-suscep- 
tible as a group. Many strains, including 
45% of the total, were classified as re- 
sistant, while only 4% were noted as 
rust-free. 

Classification for leaf-spot reaction in- 
dicated slight differences among soils 
areas as to behavior of strains. Lots from 
Kennan silt loams and loams were some- 
what more resistant as a group. Approxi- 
mately 80% of the total number of 
strains observed were of leaf-spot-free 
or only slightly infected types. This is es- 
sentially the same proportion as that ob- 
served for mildew reaction. 

Data for classification of disease reac- 
tion according to length of the growing 
season where strains were collected show 
that general similarity existed among 
groups in reaction to mildew (table 11). 
The only exception to this occurred in 
lots from the 160—170-day area, in which 
intermediate reaction types were more 
frequent than in other groups. Classifica- 
tion for rust reaction showed promi- 
nent differences among growing-season 
groups. The 120-130- and 150-160-day 
classes had distributions tending more 
toward susceptibility than other groups 
which were, among themselves, very sim- 
ilar. Most seasonal group distributions 
approached normality with respect to 
leaf-spot reaction; that for the 170—-180- 
day season included relatively more leaf- 
spot-free strains than others. 

The disease reactions of strains 
grouped by geographic regions are given 
in table 11. Mildew reactions of the sev- 
eral regional classes were quite compa- 
rable, those from the Western Upland in- 
cluding a relatively lower proportion of 
mildew-free strains than the others. 
Some variations are indicated in the dis- 
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tributions for reaction to rust. They were 
relatively similar, however. Central 
Plains lots were somewhat higher in pro- 
portion of resistant types than the 
others, whereas the Northern Highland 
group was inclined more toward suscep- 
tible reactions. Classification for leaf-spot 
reaction indicated that the Western Up- 
land and Northern Highland areas in- 
cluded proportionately fewer disease-free 
strains than other sections. 

In considering the classification for 
disease reaction when strains have been 
grouped according to soil, length of grow- 
ing season, and geographic areas, it 
should be noted that numbers of collec- 
tions are frequently too small to permit 
critical comparisons. This is particularly 
evident for leaf-spot reaction. 

Frequency distributions of reaction 
classes for mildew were highly variable 
for the several regions of the United 
States and were not normal in type. They 
were somewhat less variable for the soil 
and growing-season classifications of Wis- 
consin data but were not normal, in that 
populations included excessive percent- 
ages of mildew-free and resistant types. 
Reactions to rust among the various lots 
from United States and Wisconsin 
sources were more similar than were re- 
actions to mildew. Very little difference 
was apparent among the geographic areas 
of the country. Somewhat more irregu- 
larity existed in frequency distributions 
of data from Wisconsin, particularly 
with respect to soil groups. Frequency 
distributions among Wisconsin strains 
for leaf-spot reaction were approximate- 
ly normal except for an excess of the re- 
sistant types. Considering the diseases 
observed, there was little indication that 
the region or the habitat where collected 
had served to modify the population rela- 
tive to disease reaction. 
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Discussion 

These studies were an attempt to in- 
vestigate further the nature of variabil- 
ity in P. pratensis and its possible rela- 
tions to geographical and climatological 
factors. Though a seemingly large num- 
ber of progenies have been observed, it is 
very certain that they cannot be con- 
sidered as completely representative of 
the regions sampled. The number of col- 
lections made in Wisconsin is perhaps a 
reasonably adequate sample of that area. 
Until more extensive data are available, 
those presented and the generalizations 
made may contribute to the increasing 
fund of knowledge about Kentucky blue- 
grass. 

Approximately 75% of all progenies 
showed some morphological variability. 
Since numbers of plants grown in each 
progeny were small, it is probable that 
many of the types presumed to be con- 
stant were potentially variable. The 
average percentage of aberrant plants 
was 16.5 when based upon the total num- 
ber. Considering only those progenies 
exhibiting segregation, this value was 
20.5°%. These figures are somewhat high- 
er than those obtained by other workers, 
though they are reasonably similar to the 
results presented by BRITTINGHAM (4). 
It is the view of the writers that they are 
representative for the collections stud- 
ied. Thus P. pratensis might be de- 
scribed as reproducing generally by 
apomixis; this was also BRITTINGHAM’S 
conclusion. Sexual reproduction may 
play a more important role in maintain- 
ing genetic diversity, however, than has 
been thought previously. Since uniform- 
ity is perhaps of little practical advan- 
tage for turf and pasture purposes, rea- 
sonable conformity to a parental type 
might suffice for maintenance and utili- 
zation of any original biotype selected. 

There is some evidence in the results 
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obtained that ecological conditions have 
served to allow the development of cer- 
tain regional differences in the general 
relation of apomictic and sexual repro- 
duction. This is not in agreement with 
the observations reported by BrirtiNc- 
HAM. Whether such differences were gen- 
erally significant, however, could not be 
determined. Lowest percentages of aber- 
rants appeared in lots from interior re- 
gions in the United States. 

Comparisons were made of the rela- 
tive morphological variability among re- 
gional collections. Although minor dif- 
ferences have been indicated, it would ap- 
pear that regional and local influences 
have not served to isolate readily recog- 
nizable, morphological type-complexes. 
These results are in accord with those of 
AKERBERG (2), who reported that form- 
complex studies of P. pratensis did not 
indicate that Eu-pratensis was confined 
to any particular locality. He also ob- 
served that the Eu-pratensis forms were 
highly variable and widely scattered. Al- 
though the data are not strictly com- 
parable, these results do not appear to 
support the conclusions of WELLHAUSEN 
and WEIBEL (15). 

Leafiness, late vigor, and earliness of 
maturity appeared to show more regional 
differentiation than did other characters 
in the collections from various parts of 
the United States. Data for Wisconsin 
collections indicated that these same 
characters were highly variable, though 
leafiness was less so. Early vigor, growth 
habit, aggressiveness, and plant height 
did not show prominent regional char- 
acteristics. Disease reactions were not of 
value in differentiating regional classes, 
though some variation occurred. 

Certain general impressions were ob- 
tained of progenies growing in the field. 
Those from the North Pacific and North- 
eastern regions of the United States ap- 
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peared to be more leafy, darker green in 
color, and more generally attractive from 
a plant-breeding viewpoint. They ap- 
peared also to be more generally variable 
in type within groups. Collections from 
the Central Plains were relatively less 
leafy, more prostrate, and more general- 
ly similar than those from other sections. 

Among collections made in Wisconsin, 
those from the vicinity of Madison and 
from the Lake Superior Lowland were 
most variable and included more attrac- 
tive types. 

It might be concluded that collection 
of seed of P. pratensis from regions dif- 
fering widely with respect to soil and 
climatic factors has not greatly increased 
the probability of obtaining increased 
variability as compared with more in- 
tensive collection in a single locality. 
Though some evidence contrary to this 
generalization has been presented, the 
data obtained are thought to be only sug- 
gestive and insufficient to establish this 
point definitely. When the Wisconsin 
collections were grouped, particularly on 
the basis of soil and length of growing 
season where obtained, greater type di- 
versity was observed. 


Summary 


1. Eight hundred progenies derived 
from single panicles of Poa pratensis col- 
lected in twenty-seven states of the 
United States were studied in the seasons 
1941-1944 at Madison, Wisconsin. These 
included 541 Wisconsin collections. All 
were grown in spaced nursery rows. 

2. Progenies from the United States 
were classified according to the geo- 
graphic region from which the parent 
seed was collected. Observations were 
obtained for percentage of aberrant 
plants, early vigor, growth habit, ag- 
gressiveness, leafiness, maturity, late 
vigor, plant height, and reactions to 
powdery mildew (Erysiphe graminis), 
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leaf rust (Puccinia poae-sudeticae), and 
leaf spot (Helminthosporium vagans), 
Progenies from Wisconsin sources were 
grouped according to soil area, length of 
the growing season, and geographic area 
where parental seed was collected. 

3. Among all progenies, 75.8% in- 
cluded some aberrant plants. The aver- 
age percentage of segregation based upon 
the total progeny number was 16.5. 
When only segregating progenies were 
included, this value was 20.5%. 

4. Differences among regions of the 
United States in percentage of segrega- 
tion were generally large. No close as- 
sociation of such differences with region- 
al, soil, or climatological variations could 
be established, although interior or con- 
tinental regions showed generally lower 
percentages of aberrant types. 

5. Collections grouped by regions of 
the United States were generally similar 
to one another in variation of early vigor, 
growth habit, and aggressiveness. Leafi- 
ness, late vigor, and relative maturity 
varied more extensively among regional 
groups. Lots from the East Central re- 
gion were generally less aggressive; those 
from the Northeastern and North Pacific 
areas were more leafy; collections from 
the Northern Plains and the Northern 
Great Basin were of earlier maturity; 
and progenies from the Northern Plains 
and Central Plains were relatively more 
vigorous. 

6. Differences among progenies de- 
rived from the various soil areas in Wis- 
consin were generally small. When 
grouped according to the length of the 
growing season in the locality of collec- 
tion, significant differences in percentages 
of segregation were found, with the 140- 
150-day class having a high value. 
Strains from areas having longer growing 
seasons were generally somewhat higher 
in percentages of aberrants than those 
from areas of shorter seasons. The com- 
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parison by geographical regions indi- 
cated that the Eastern Ridge and Low- 
lands area and the Western Upland area 
of Wisconsin were significantly higher in 
percentages of aberrants than were other 
areas. 

7. Classifications of Wisconsin col- 
lections for’ morphological characters 
showed a generally great diversity for 
behavior among lots from different soil 
areas. Frequency distributions were sim- 
ilar for early vigor and leafiness for the 
different soils and were somewhat less so 
for growth habit; those for aggressive- 
ness, maturity, and late vigor were high- 
ly dissimilar. Based upon average length 
of the growing season, distributions for 
the several characters were generally 
comparable with those for the soil classi- 
fication. Frequency distributions for 
early vigor, growth habit, and leafiness 
were most similar. The classification for 
maturity showed least relation to length 
of growing season. Grouping on the basis 
of geographical areas resulted in fre- 
quencies relatively similar to those for 
soil and growing seasons. Ciassification 
by plant height suggested no particular 
relationships to region of origin in the 
United States. In the Wisconsin collec- 
tions analysis by soil and geographic re- 
gions did not indicate prominent differ- 
ences in relative frequencies of plants 
with respect to height. When grouped by 
growing seasons, the 100-110- and 130- 
140-day lots exhibited relatively lower 
frequencies of intermediate types, though 
this was of questionable significance. 
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8. Collections from the United States 
varied irregularly in frequency distribu- 
tions for reaction to powdery mildew. 
Lots from different regions appeared to 
differ markedly in proportionate fre- 
quencies of resistant and susceptible 
types. Approximately 34% of the proge- 
nies were observed to be mildew-free, 
whereas 12% were very susceptible. Re- 
action to leaf rust was generally similar 
among groups of strains from the various 
regions of the United States. Of the prog- 
enies, 14% were classified as rust-free 
and 66% as resistant. 

g. Classification of Wisconsin collec- 
tions with respect to soil of origin showed 
certain prominent differences to exist 
among soil areas in the character of 
the distributions among disease-reaction 
classes. In general, however, distribution 
for the three kinds of diseases were sim- 
ilar. Considering reaction to leaf rust, col- 
lections from certain heavier soil areas 
were relatively more susceptible to dis- 
ease than those from others. When classi- 
fied according to length of the growing 
season, little relation was shown between 
length of season and relative frequencies 
of reaction types, though occasional ex- 
ceptions occurred. No consistent relation 
between length of growing season and 
relative disease resistance was found. 
Collections grouped according to geo- 
graphic regions exhibited no significant 
differences in reaction to diseases. 
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REACTIONS OF DECAPITATED BEAN PLANTS TO CERTAIN OF 
THE SUBSTITUTED PHENOXY COMPOUNDS! 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 577 


J. M. BEAL 


Introduction 

The histological reactions of bean 
plants to certain of the substituted phe- 
noxy compounds applied to the bases of 
the heart-shaped leaveshave recently been 
described (1). In general, the second in- 
ternodes of these plants showed tissue re- 
sponses similar to those induced in the 
bean by a number of other compounds 
applied to the cut curface of the young 
second internode following its decapita- 
tion just below the first trifoliate leaf 
(4, 6). Although all tissues of the second 
internode, except the epidermis, local 
areas of the outer cortex, and perhaps the 
pericycle, proliferated actively as a re- 
sult of the application of the phenoxy 
compounds, no roots were developed in 
this internode during periods as long as 

* This work was supported in part by a grant from 


the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


20 days following their application. The 
responses in the first internode and hypo- 
cotyl were somewhat more restricted as 
to tissues affected than was the case in 
the second internode. Usually in the first 
internode and hypocotyl only the endo- 
dermis, cambium, phloem, and ray pa- 
renchyma responded, but from the cam- 
bium, phloem, and ray parenchyma, 
especially from the two latter, adventi- 
tious roots developed in abundance. 
Because many of the earlier histologi- 
cal studies had been made following ap- 
plication of the compounds to the cut 
surface of the second internode of de- 
capitated bean stems, it was decided to 
apply the phenoxy compounds previous- 
ly employed (x) to the cut surface of de- 
capitated young second internodes of the 
same strain of Red Kidney beans as had 
been used in former experiments. The 
compounds were applied as 0.5% and 
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as 19) mixtures in both lanolin and Car- 
bowax 1500 as carriers. 

Red Kidney bean plants were grown 
in the greenhouse in flats containing rich 
loam soil under conditions simulating as 
closely as possible those used in the for- 
mer study (1). The second internode was 
cut squarely across just below the node 
of the first trifoliate leaf as the leaf start- 
ed to expand. Immediately afterward the 
cut surface was covered over with the 
lanolin or Carbowax mixture, and the 
plants, together with untreated con- 
trols, were kept under conditions favor- 
able for vigorous growth. 

Material for histological study was 
collected at regular intervals after treat- 
ment, fixed in Navashin’s solution, han- 
dled according to the tertiary butyl-alco- 
hol method, and sectioned at 10 pu. 


Observations 
GROSS RESPONSES 


The gross responses of the decapitated 
plants to 2-chlorophenoxyacetic, 4-chlor- 
ophenoxyacetic,  2,4-dichlorophenoxy- 
acetic (2,4-D), and 2,4,5-trichlorophe- 
noxyacetic acids were, in many respects, 
different from those resulting from appli- 
cation of these compounds to the bases of 
the heart-shaped leaves. The visible re- 
sponses in the decapitated plants were 
evident chiefly in the upper 10-12 mm. 
of the second internode near the point 
of application of the mixtures and in the 
leaves developed from the axillary buds. 
All the compounds retarded develop- 
ment of the axilfary buds, with the least 
effects resulting from the application of 
2-chlorophenoxyacetic acid, and all the 
compounds, except 2,4,5-trichlorophe- 
noxyacetic acid, resulted in the formation 
of at least some dwarfed and often de- 
formed and crinkled leaves on the axil- 
lary shoots. No epinasty and little or no 


BEAL— 


BEAN 167 
stem curvature resulted from the appli- 
cations. 

Under high temperature and humidity 
the Carbowax mixtures often melted and 
ran down over the surface of the first in- 
ternode and sometimes even as far as the 
upper part of the hypocotyl. Responses 
in the form of stem enlargement and 
often of root formation commonly fol- 
lowed. Nearly all the plants, however, to 
which the Carbowax mixtures were ap- 
plied showed more or less injury at and 
near the place of application and fre- 
quently rather extensive death of the 
stem tissues (fig. 1C, EZ, G). The lanolin 
mixtures resulted in much less tissue in- 
jury (fig. 1B; D, F, H). 

When Carbowax alone was applied to 
the apices of decapitated second inter- 
nodes, slight shrinkage and evidences of 
partial dehydration of the cells occurred 
within 24 hours. At 72 hours following ap- 
plication many tiers of dead and shrunk- 
en cells were present at the apical ends 
of the treated internodes (fig. 2). Im- 
mediately below these cells was a zone 
consisting of several tiers of cells in which 
division had begun. A few layers of these 
cells adjacent to the dead tissue became 
suberized during the next few days and 
functioned as a protective layer over the 
distal end of the hypocotyl. The volume 
and area of dead cells resulting from the 
application of the Carbowax did not vary 
greatly and did not increase after the 
first 72 hours in a number of stems which 
were kept under observation for more 
than 2 weeks. Injury from the Carbowax 
alone was in no case as extensive as that 
from the substituted phenoxy compounds 
applied in Carbowax. 

All the treated plants developed tu- 
mor-like swellings at or just below the 
point of application of the mixtures. The 
least responses were induced by 2-chloro- 
phenoxyacetic acid (fig. 1A, B); 4-chloro- 
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phenoxyacetic (fig. 1C, D), 2,4-dichloro- 
phenoxyacetic (fig. 1, F), and 2,4,5-tri- 
chlorophenoxyacetic acids (fig. 1G, H) 
showed nearly the same total growth re- 
sponses. None of the treated plants de- 
veloped enlargements on the first inter- 
nodes or hypocotyls except those plants 
on which the Carbowax mixtures melted 
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and ran down the stems. The time and 
the rate of elongation of the axillary buds 
were delayed by all the mixtures, but 
least by the 2-chlorophenoxyacetic acid. 
Although the leaves produced by axil- 
lary buds on at least a part of all the 
treated plants showed dwarfing and de- 
formity, except on those to which 2,4,5- 





Effects of substituted phenoxy compounds on second internode of bean at 16 days following 


application. A, 2-chlorophenoxyacetic acid in Carbowax 1500; B, same in lanolin; C, 4-chlorophenoxy- 
acetic acidin Carbowax; D, same in lanolin; E, 2,4-dichlorophenoxyacetic acid in Carbowax; F, same in 

. . € . . . ~ if . . . 
lanolin; G, 2,4,5-trichlorophenoxyacetic acid in Carbowax; H, same in lanolin. Protruded roots evident in 


E and G but in no others. 
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trichlorophenoxyacetic acid had been 
applied, the effects were not nearly so 
pronounced as when the substances had 
been applied to the bases of the heart- 
shaped leaves. 

Although slight color changes were ap- 
parent in the decapitated stems within 
24 hours following application of the 
mixtures, little gross response was notice- 
able until 30 hours or more had elapsed. 
A faint yellowing of the tissues first be- 
came apparent within 24 hours just be- 
low the cut surface to which the mixtures 
had been applied. By the ead of 48 hours 
the yellowing was more pronounced and 
the swelling greater. Enlargement con- 
tinued steadily for several days, the 
tumors ordinarily reaching their ultimate 
size in 12-14 days. They then remained 
relatively constant in size for at least 2 
weeks longer. Many, perhaps most, 
tumors attained a diameter of three to 
four times that of the basal half of the 
treated internode, except following ap- 
plication of 2-chlorophenoxyacetic acid; 
the latter tumors seldom reached a diam- 
eter twice that of the lower portion of the 
second internode (fig. 14, 8. Although 
root primordia were commonly developed, 
only a few of the treated stems ever 
showed protruded root tips (fig. 1Z, G), 
and then only following treatment with 
2.4-D and 2,4,5-trichlorophenoxyacetic 
acid in Carbowax. 


HISTOLOGICAL CHANGES 


Definite responses were apparent in 
sections of the second internode to each 
growth-regulating substance 24 hours 
after application, with the least responses 
following the application of 2-chloro- 
phenoxyacetic acid. This substance ap- 
plied in lanolin usually induced little re- 
sponse—often none. When Carbowax 
was the carrier, responses were common- 
ly evident in 24 hours, although some 
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stems responded so little that practically 
no swelling could be detected, and sec- 
tions showed little elfect even after 72 
and 96 hours. Because of the slight re- 
sponses, no photomicrographs of these 
stems are included. 





Fic. 2.- 


Longisection of decapitated second 
internode 72 hours after apical treatment with 
Carbowax alone. Many tiers of cells killed and 
shrunken at and below point of application, with 
several layers adjacent to these beginning to divide. 
Tissues at right side show effects of Carbowax 
which melted and ran over surface of stem. 


Responses to applications of 4-chloro- 
phenoxyacetic acid in both Carbowax 
and lanolin were generally evident at 24 
hours, although the responses were much 
greater to the lanolin mixtures (fig. 3B). 
The cortical cells had elongated radially ; 
their cytoplasmic content had become 
denser. Many endodermal cells had di- 
vided tangentially. Active divisions had 
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Fic. 3.—A, transection near top of second internode of bean at time of treatments, showing various tissues 
and stage of development (xy, xylem; pi, pith; ca, cambium; ra, ray; ph2, secondary phloem; pz, primary 
phloem; pcl, pericycle; en, endodermis). B, second internode 24 hours after treatment with 4-chlorophenoxy- 
acetic acid in lanolin; activity beginning in endodermis, cambium, and ray parenchyma, with only slight 
activity in phloem parenchyma; cortical and pith cells radially elongated. 
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started in the cambium, phloem, and ray 
parenchyma cells, but the pericycle ap- 
peared unaffected. Although the cells of 
the pith showed radial elongation, there 
were no evidences of increased meri- 
stematic activity. 

Only slight response resulted at 24 
hours from applications of 2,4-D in 
Carbowax. Although the cortical cells 
showed radial elongation, little effect was 
evident in endodermis, phloem, cam- 
bium, ray parenchyma, or pith (fig. 44). 
In contrast, application of this compound 
in lanolin resulted in division of some 
cells of the endodermis, with considerable 
activity in the cambium and ray paren- 
chyma and a smaller amount in the 
phloem. The pith cells showed radial 
elongation but apparently no increase in 
the rate of divisions (fig. 4B). 

At 24 hours essentially no changes 
could be detected from application of 
2,4,5-trichlorophenoxyacetic acid in Car- 
bowax (fig. 5). Applied in lanolin, how- 
ever, this substance induced marked 
responses in the cambium and ray paren- 
chyma, with less in the phloem. Cells 
of the cortex, endodermis, pericycle, 
and pith, except for radial elongation, 
were relatively unchanged (fig. 5B). 
The epidermis was unresponsive to all 
the compounds in these experiments. 

At 33 hours the responses were much 
more evident. Proliferation of endoder- 
mis, cambium, phloem, and ray paren- 
chyma had continued, although at a 
greater rate in some stems (figs. 64, 7B) 
than in others (figs. 6B, 7A). In general, 
however, the early responses occurred at 
amore rapid rate in those stems to which 
the growth-regulating substances had 
been applied in lanolin as the carrier. 

At 72 hours the responses were similar 
to all the compounds (figs. 8A, B, 9A, 
B), except 2-chlorophenoxyacetic acid, 
which commonly induced relatively little 
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response. The total amount of activity 
had been greater in the internodes to 
which 2,4-D and 2,4,5-trichlorophenoxy- 
acetic acid were applied, especially when 
lanolin had been used as the carrier. Defi- 
nite root primordia were not yet evident. 

At 144 hours the stems to which 2,4-D 
and 2,4,5-trichlorophenoxyacetic acid 
had been applied in Carbowax showed 
well-developed adventitious root pri- 
mordia (figs. 104, 11A), but the stems to 
which the same substance had been ap- 
plied in lanolin had not developed root 
primordia (figs. 10B, 11B), although 
some suggestions of root prtmordia 
showed (fig. 11B) ; 4-chlorophenoxyacetic 
acid had not stimulated root formation 
when applied in either carrier. The in- 
duced roots originated in the pith rays, 
where they may occur in one to several] of 
the rays, as reported for their origin in 
the first internodes in the previous study 
(1). 

Some second internodes to which 
4-chlorophenoxyacetic and 2,4-dichloro- 
phenoxyacetic acids were applied in 
Carbowax showed well-formed roots in- 
ternal to the cambium at 17 days follow- 
ing application of the mixtures (figs. 124, 
13A). This development has not been re- 
ported heretofore for the bean following 
treatment with any growth-regulating 
substance, although it has been described 
for the tomato (2), Mirabilis (3), and 
Tresine (5). Roots external to the cam- 
bium were not induced by 4-chlorophe- 
noxyacetic acid applied in Carbowax (fig. 
12A), nor were well-formed normal-ap- 
pearing root primordia developed when 
this substance was applied in lanolin 
(fig. 12B). In spite of the earlier marked 
proliferation following after the applica- 
tion of all these compounds in lanolin as a 
carrier, the Carbowax mixtures had in- 
duced greater total responses by the 
sixth day. This advantage was not lost 
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Fic. 4.—Second internode 24 hours after apical treatment with 2,4-dichlorophenoxyacetic acid: A, in 
Carbowax, showing practically no induced activity; and B, in lanolin, showing slight activity in endodermis 
and phloem parenchyma and fairly pronounced activity in cambium and ray parenchyma. A magnified 
slightly more than B. 
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FIG. 5.—Second internode 24 hours after apical treatment with 2,4,5-trichlorophenoxyacetic acid: A, in 


om Carbowax, showing little or no induced activity. B,in lanolin, showing activity beginning in endodermis 
are and phloem parenchyma and greater responses in cambium and ray parenchyma. Pith and cortex apparently 
ss unaffected. 
ified 
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Second internode 33 hours after apical treatment: A, with 4-chlorophenoxyacetic acid in lanolin, 


showing responses in endodermis, cambium, and ray parenchyma; little response in phloem. B, 2,4,5-tri- 
chlorophenoxyacetic acid in lanolin. Same tissues have responded as in A. 
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Fic. 7.—Second internode 33 hours after apical treatment with 2,4-dichlorophenoxyacetic acid: A, in 
Carbowax, showing only slight responses in endodermis, cambium, phloem, and ray parenchyma. B, in 
lanolin, showing greater activity in all these tissues, especially in cambium and ray parenchyma. 
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Second internode 72 hours after apical treatment: A, with 4-chlorophenoxyacetic acid, showing 
activity in endodermis, cambiurn, phloem, and ray parenchyma; outer cortical and some pith cells enlarged. 
B, with 2,4,5-trichlorophenoxyacetic acid in lanolin, showing marked proliferation of endodermis, cambium, 
phloem, and ray parenchyma. Outer pith cells and a few inner cortical cells have been responsive. 
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Fic. 9.—Second internode 72 hours after apical treatment with 2,4-dichlorophenoxyacetic acid: A, in 
Carbowax. B, in lanolin. Same tissues respond in both stems, but rates and degree of response are different. 
Cambium, ray, and phloem parenchyma much more active in B, although endodermis has responded essen- 
tially the same in both. Inner cortex slightly active in both. 
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Fic. 10.—Second internode 144 hours after apical treatment with 2,4-dichlorophenoxyacetic acid: A, in 
Carbowax. B, in lanolin. Stems treated with Carbowax mixture now show much greater responses, with well- 
developed root primordia in pith rays, while those treated with lanolin mixture have responded relatively 
little more than at 72 hours. (Cf. figs. 9B and 10B.) 
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Fic. 11.—Second internode 144 hours after apic 
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IG, 12.—Second internode 17 days after apical treatment with 4-chlorophenoxyacetic acid: A, in Carbo- 
wax, marked activity throughout most of stem; a few adventitious roots developed in pith, but no well- 
organized roots developed external to cambium. B, in lanolin, showing neither internal roots nor well- 
organized external ones; although considerable proliferation occurs in endodermis, phloem, cambium, and 
ray parenchyma, well-developed root primordia were never organized. Death of cells in some tissues has 
begun. 
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ic. 13.—Second internode 17 days after apical treatment with 2,4-dichlorophenoxyacetic acid: A, in 
Carbowax, showing well-organized internal adventitious roots and less well-organized ones external to 
cambium. B, in lanolin, showing marked proliferation throughout, except in central pith, pericycle, outer 
cortex, and epidermis, but with no adventitious roots developed. 











Fic. 14.—Second internode 17 days after apical treatment with 2,4,5-trichlorophenoxyacetic acid: A, in 
Carbowax, showing well-organized adventitious root in each ray. B, in lanolin, showing considerable pro- 
liferation in ray and phloem parenchyma and smaller amount in cambium but with no definitely organized \ 
roots present. « ! 











Fic. 15.—Second internode 26 days after apical treatment with 2,4-dichlorophenoxyacetic acid in Carbo- 
wax: A, at 1%. B, at 0.5%. Responses in general are nearly identical; protruded roots are similar, and 
numerous dead and disorganized areas are evident throughout much of both sections, including disorganized 
areas in roots also. 
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thereafter. All the internodes which 
showed roots protruded from the tumors 
had had the phenoxy compounds ap- 
plied to them in Carbowax (figs. 13A, 
14A, 15A, B). Although considerable 
proliferation of various tissues had oc- 
curred in the stems of the plants to which 
the compounds had been applied in lano- 
lin, well-organized roots were usually not 
induced, and none was ever extruded 
through the surface of the galls in these 
experiments (figs. 12B, 13B, 14B). 
About 3 weeks after treatment the in- 
duced apical tumors began to dry and 
die, showing slight shrinkage and wrin- 
kling. There were no observable differ- 
ences between those resulting from 0.5% 
and 1% mixtures of the substances em- 
ployed. Transections of tumors at 26 days 
following application of 1% and 0.5% 
2,4-D in Carbowax (fig. 15A, B) revealed 
that almost identical responses had re- 
sulted and that both tumors were now 
beginning to die. Epidermis and cortex 
were completely dead and crushed, the 
core and outer portions of induced roots 
showed dead and disintegrating tissues, 
and there were numerous localized areas 
in the phloem, rays, xylem, and pith 
showing dead and disorganized cells. In a 
few days the tumors became dry and 
spongy, but none of the plants of these 
experiments was killed as a result of the 
application of any of these phenoxy com- 
pounds, as had so generally resulted 
when 2,4-D and 2,4,5-trichlorophenoxy- 
acetid acid had been applied to the 
bases of the heart-shaped leaves (1). 


Discussion 


Responses to certain of the substituted 
phenoxy compounds in both Carbowax 
and lanolin when applied to decapitated 
second internodes of the bean were rather 
strikingly different from those which re- 
sulted when the same mixtures were ap- 
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plied to the bases of the heart-shaped 
leaves (1). Telemorphic effects were 
practically absent in the decapitated 
plants. Generally neither stem curvature 
nor epinasty was shown by these plants, 
and the responses were chiefly limited to 
the upper 10-12 mm. of the treated in- 
ternodes and to the axillary shoots and 
their leaves, except in those plants on 
which the Carbowax mixtures melted and 
ran down along the surface of the first in- 
ternode and hypocotyl. Even in these 
cases the responses were also less than in 
the plants to which these substances had 
been applied to the heart-shaped leaves. 
Although the decapitated plants were 
older at the time of treatment, and hence 
not so highly meristematic, this of itself 
scarcely seems sufficient to account for 
all the differences in responses. A factor 
of equal, or perhaps of even greater, sig- 
nificance may be associated with the 
translocation of organic food materials 
from active photosynthetic regions, as 
indicated by the studies of MIrcHELL and 
Brown (7). Little photosynthesis would 
occur in the decapitated second inter- 
node, and there would be comparatively 
little basipetal movement. Although this 
internode had comparatively few mature 
cells in it at the time of decapitation and 
treatment, the responses were neverthe- 
less generally restricted to the region 
near the distal end, except in those in- 
stances when the Carbowax mixtures 
melted and ran down the stems. In most 
of the latter cases the responses were 
greater, especially in the first internode 
and the hypocotyl, indicating that there 
may have been an association between 
the movement of the growth-regulating 
substance and the translocation of organ- 
ic food materials from the heart-shaped 
leaves attached at the distal end of the 
first internode. Light and temperature 
were apparently not differential factors 
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of significance in these experiments, since 
all plants of any set of experiments were 
grown under as nearly identical environ- 
mental conditions as could be managed. 


Summary 


1. Decapitated second internodes of 
the Red Kidney bean were treated with 
four of the substituted phenoxy com- 
pounds at 0.5% and 1% concentrations, 
using both Carbowax 1500 and lanolin as 
carriers. The gross responses were limited 
largely to the region at, and immediately 
below, the place of application of the 
mixtures and to the axillary shoots and 
their leaves, except when the Carbowax 
mixtures melted and ran down the plant 
axis, often over portions of the first inter- 
node and sometimes the upper portion of 
the hypocotyl. Swelling and often root 
development occurred under these areas. 
Development of axillary shoots was gen- 
erally retarded, and frequently their 
leaves were dwarfed, mottled, or other- 
wise deformed except following 2,4,5-tri- 
chlorophenoxyacetic acid. Application of 
2-chlorophenoxyacetic acid induced less 
response than any of the others. None of 
the compounds produced epinasty or 
stem curvature in these experiments, and 
none of the plants was killed as a conse- 
quence of the treatment. 

2. Studies of the histological responses 
were confined to the second internode. 
The early responses were most evident 
when lanolin was the carrier, but at 6 
days and subsequently the Carbowax 
mixtures induced greater responses. 

3. Responses occurred chiefly in the 
endodermis, cambium, phloem, and ray 
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parenchyma. The inner cortical cells and 
the pith were responsive in some stems, 
especially following application of 2,4-di- 
chlorophenoxyacetic acid in Carbowax. 
Epidermis, outer cortex, and pericycle 
were generally unresponsive to all the 
mixtures. 

4. Although some roots may develop 
internal to the cambium following treat- 
ment with 4-chloro- and 2,4-dichloro- 
phenoxyacetic acids, no well-formed 
roots external to the cambium were 
found following application of 2- or of 
4-chlorophenoxyacetic acids on any 
plants. Well-formed protruded roots 
were found only following treatment 
with 2,4-di- and 2,4,5-trichlorophenoxy- 
acetic acids in Carbowax. 

5. Differences in responses between 
the plants in this experiment and those 
in which the growth-regulators were ap- 
plied to the bases of the heart-shaped 
leaves may in part be associated with 
greater age of the decapitated plants 
when treated. A factor of much greater 
possible significance, however, may be 
the association of transport of the 
growth-regulating substances with the 
movement of organic foods. In the de- 
capitated plants little movement of or- 
ganic foods occurs in the decapitated sec- 
ond internode and little movement of the 
growth substance. This may possibly ac- 
count for the limited telemorphic effects 
in the decapitated plants as compared 
with the pronounced responses when the 
same substituted phenoxy compounds 
were applied to the bases of the heart- 
shaped leaves. 
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REMOVAL OF 2,4-DICHLOROPHENOXYACETIC ACID 
AND ITS CALCIUM SALT FROM SIX DIF- 
FERENT SOILS BY LEACHING" 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 578 


ROBERT W. HANKS 


Introduction 


Most reports to date on the use of 
2,4-dichlorophenoxyacetic acid (2,4-D) 
as a herbicide deal with spray application 
to vegetation. The selective nature of the 
substance has been well demonstrated. 
The direct treatment of soils with 
2,4-D in order to kill weed seeds and for 
other purposes is chiefly in the experi- 
mental stage. Published results of such 
experiments suggest that the length of 
persistence of the toxic effect is affected 
by soil type and management practice. 
There seems to be considerable variation 
in persistence of 2,4-D in soils: from less 
than 4 weeks in muck (3) to as much as 
18 months in soil stored in a relatively 
dry condition (5). The response of clover 
indicated a difference in the persistence 
of the acid in Rothamsted clay and Wo- 
burn sand (6). Krres (4) found a longer 
period of toxicity in soil to which lime 
had been added a few days prior to ap- 
plication of the acid than in unlimed 
soil; she noted, however, that additions 
of partially decomposed leaf mold at the 

« This work was aided in part,by a grant from the 


Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


time of liming tended to reduce the de- 
gree and persistence of toxicity in the 
limed soil. BALL (1) reported that toxic 
effects of the acid were more pronounced 
in one of three soils tested than in the 
others, and for a longer period of time. 
2,4-Dichlorophenoxyacetic acid was 
more readily leached from soil than were 
other herbicides (2), although it is still 
unknown whether the disappearance of 
the toxic effect is due chiefly to leaching, 
to biological decomposition, to a chem- 
ical or a physical combination with com- 
ponents of the soil, or to all these causes. 

The purpose of the experiment here 
reported was to determine the relative 
rates at which 2,4-dichlorophenoxyacetic 
acid and its calcium salt could be leached 
from soils possessing different physical 
and chemical properties. The calcium 
salt was used in order to determine if 
it would be more persistent or less readi- 
ly leached than the acid; this possibility 
was indicated by Krigs’s results (4) on 
limed soils. Acid and alkaline soils were 
tested in order to investigate further a 
possible relationship between soil re- 
action and persistence or degree of 
toxicity of the herbicides. 
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Methods 


The sources and some properties of 
the six soils which were tested are listed 
in table 1. Soil pH was determined with 
the glass electrode, moisture equivalent 
by the centrifuge method. 

Each soil lot was thoroughly air-dried 
and passed through a 4-inch screen in 
order to obtain a uniform maximum size 
of soil particles. A small aliquot of each 
soil was then removed to serve as a con- 
trol, receiving no chemical treatment. 
With the exception of soil F, half of each 
soil was treated with lime (CaCOQ,) ata 
rate approximately equivalent to 2000 
pounds per acre to a 6-inch depth. Be- 


or chloroform. Each batch of treated 
sand was air-dried and mixed to insure 
uniformity of this material used in treat- 
ing the soils. 

The sand-acid mixture and the sand- 
salt mixture were applied to the soils as 
follows: half of the limed and half of 
the nonlimed aliquots of each soil were 
treated with the sand-acid mixture to 
supply 20 p.p.m. by weight of the acid 
in the soil; the remaining aliquots of 
limed and nonlimed soils were treated 
with the sand-salt mixture to give ap- 
proximately 22.3 p.p.m. by weight of 
the calcium salt in the soil. Thus there 
was applied in equal weights that part of 

















TABLE 1 

Soil | Source ere sere 

| characterization | equivalent 
io | Beltsville, Md. Sandy | 3.8 10.99 
ae | Lake Geneva, Wis. Silt loam 7.7 1S. <7 
ee .| Lake Geneva, Wis. Peat | 6.7 135.04 
D.. .| Chicago, Ill. Clay loam | 8.4 28.55 
E | Gary, Ind. Sandy loam Fe 15.23 
esx4 ..+--| Hurley, N.M. Sandy clay | 8.4 25.50 





cause it was naturally alkaline, only a 
small aliquot of soil F was limed. The 
limed aliquots were placed in flats in the 
greenhouse and were kept moist (not 
leached) for 2 weeks to permit the reac- 
tion of the calcium with other con- 
stituents of the soil to approach equi- 
librium. 

In order to obtain a uniform distribu- 
tion of 2,4-D and its calcium salt within 
the soils, sand-herbicide mixtures were 
prepared quantitatively by pouring an 
ethyl alcohol solution of the acid and an 
ethyl alcohol mixture of the salt over 
pure quartz sand. It was necessary to 
use the alcoholic mixture of the calcium 
salt rather than a solution because the 
salt is insoluble in water, ethyl alcohol, 
diethyl ether, petroleum ether, acetone, 


the molecule of these herbicides which is 
considered to be responsible for their 
toxic effects (8). Thus, four conditions 
were obtained for each soil type: (1) 
lime with the acid, (2) lime with the 
calcium salt, (3) the acid without lime, 
and (4) the calcium salt without lime. 
After incorporating the sand-herbi- 
cide mixtures with the soils, 4-inch 
glazed crocks with side-hole drains were 
filled to a depth of approximately 6 
inches. Each drain had been covered 
with glass wool and fitted with a cork 
stopper and glass tube to facilitate col- 
lection of the leachate in Erlenmeyer 
flasks. There was a minimum of three 
pots of soil for each treatment of soil A; 
five or six pots were available for each 
treatment of the other five soil types. 
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The potted soils were placed in a base- 
ment laboratory in order that water loss 
by evaporation might be reduced toa 
minimum and to provide uniform tem- 
perature conditions. All pots were wetted 
initially, with the drains closed, with the 
equivalent of 4 surface-inches of water. 
This permitted each soil mass to become 
thoroughly wetted before any leachate 
was collected. In addition to the initial 4 
surface-inches of water, one-half of the 
pots in each soil treatment received the 
equivalent of 1o surface-inches of water 
over a 6-week period; the other half re- 
ceived the equivalent of 16 surface- 
inches in the same period. The to sur- 
face-inches of water were applied at the 
rate of 1 inch per week for the first 2 
weeks and 2 inches per week thereafter. 
The 16 surface-inches were added at the 
rate of 2 inches per week for the first 2 
weeks and 3 inches per week thereafter. 
The temperature in the laboratory was 
26° C. throughout the experiment. 

The leachate from each soil treatment 
was tested once a week for the presence 
of herbicide by a slight modification of 
the bio-assay developed by SWANSON (7). 
In his method Swanson used hybrid 
field corn of the Silver King (Wisconsin 
no. 7) variety germinated for 48 hours 
in 6-inch Petri dishes. Twelve to fifteen 
seedlings with roots between 15 and 25 
mm. in length were then placed on filter 
paper in other 6-inch Petri dishes and 
moistened with 15 ml. of solution con- 
taining 2,4-dichlorophenoxyacetic acid. 
After 48 hours the increase in average 
root length of the seedlings in each dish 
was determined and expressed as a per- 
centage of the increase in average root 
length of control seedlings treated with 
distilled water. All germination and 
growth were in darkness at 26° C. Swan- 
SON determined concentrations of the 


acid ranging from 1/100 p.p.m. to 2 
p.p.m. with only a 5% error. 

The bio-assay used in the writer’s ex- 
periment measured the relative toxicity 
of the leachates rather than the absolute 
concentration of the herbicide for which 
the test was devised originally. Swan- 
SON’s method was modified by use of 
g-cm. Petri dishes, ten seedlings to the 
dish treated with 10 ml. of leachate. All 
other conditions of the original method 
were unchanged. 


Results and discussion 


The results of the weekly bio-assays 
on leachates from soil samples leached 
with the equivalent of 10 and 16 surface- 
inches of water showed similar trends 
within each soil type. Therefore, only the 
results obtained from the application of 
the larger amount are reported graphical- 
ly (fig. 1). The increase in average root 
length of seedlings grown in leachate 
from each soil treatment is expressed as 
a percentage of the increase in root 
length of seedlings grown in the leachate 
from untreated control soil of the same 
type. Each bar of the graph shows this 
percentage value obtained from the bio- 
assay of a single leachate. A block of six 
bars summarizes the results from a single 
soil treatment, each bar of a block, from 
left to right, representing the results of 
each successive week of the 6-week 
period. Percentage values much greater 
than 100 may be considered to indicate a 
stimulation in growth rate caused by 
the effects of the herbicide; those much 
below 100 show the relative degree of 
toxicity of the various leachates. 

The results of the bio-assays indicate 
no significant or consistent difference in 
the degree of toxicity, in comparable 
leachates, of the acid and of the calcium 
salt at the concentrations used. The cal- 
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Fic. 1.—Percentage of corn-root elongation in leachate from each soil treatment based on its own control, 
indicating extent and rate of loss of herbicidal effect. Each bar of a block gives percentage value from bio- 
assay on single leachate. A block of six bars summarizes results from a single soil treatment, each bar from 
left to right representing results of each successive week of the 6-week period. Numbers below each block 
designate soil treatments: 7, limed soil with 2,4-dichlorophenoxyacetic acid; 2, limed soil with calcium salt 
of 2,4-D; 3, nonlimed soil with 2,4-D; 4, nonlimed soil with calcium salt. 
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cium salt, or its reaction products, thus 
seems to be as soluble as the acid in the 
soil solution of the tested soils, although 
the calcium salt is insoluble in water, 
ethyl alcohol, diethyl ether, petroleum 
ether, acetone, or chloroform. In general, 
the addition of lime to the soils likewise 
seemed to produce no significant differ- 
ences in toxicity of leachates. In contrast, 
Kries (4) found a prolongation of toxic 
effects of 2,4-D in soil in the presence of 
added lime, although the soil she used 
was different from those tested by the 
writer. It may be, also, that the nature 
of the leachate from soil is such that the 
degree of sensitivity in the bio-assay is 
reduced. However, the toxic effects of the 
herbicides persisted longer in one of the 
naturally alkaline soils (F) than in any 
of the other soils tested. 

The bio-assay indicated that the 
leachate from soil C (peat) was relatively 
free of toxicity at the end of 2 weeks. 
HAMNER et a/. (3) reported that the toxic 
effects of 2,4-D in muck soil disappeared 
in less than 4 weeks; Kris (4) found 
that organic matter added to soil treated 
with both lime and 2,4-D reduced the 
period of toxicity. Thus it seems that 
organic matter in some way reduces the 
period of toxicity of these herbicides in 
soil. 

The cause of the great fluctuation in 
the results obtained during the first 3 
weeks with soil E is not known. With the 
fluctuation present in all four treatments 
of this soil, some unknown, and therefore 
uncontrolled, factor may have been 
operating in the control samples of that 
soil. 

The relative toxicity in the successive 
leachates from soil B decreased at a more 
uniform rate than in the leachates from 
the other soils. Soil C was apparently 
rendered relatively free of toxicity with 
as little as 4 surface-inches of water 
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applied over a 2-week period, whereas 
toxic effects were still present in the 
leachate from soil F after treatment 
with four times as much water over the 
6-week period. Besides leaching, other 
factors, such as biological decomposi- 
tion, adsorption by colloidal systems in 
the soil, and chemical reactions forming 
nontoxic compounds may be involved in 
reducing toxicity. 

At the end of 6 weeks of leaching 
treatment, all pots were moved to the 
greenhouse, and the soil was allowed to 
dry for 5 days. The soil from each pot 
was then mixed in such a manner that, 
when returned to the original pot, the 
portion that had been at the bottom was 
uppermost. Thus, any herbicide which 
had not been removed by leaching from 
the bottom layers of soil was immediate- 
ly in contact with germinating seeds. 
Each pot was planted with ten red kid- 
ney beans to determine any residual ef- 
fects of the herbicide. 

This test indicated that soil F was the 
only soil from which all toxic effects due 
to the herbicide had not yet disappeared, 
thus confirming the results of the bio- 
assay. In this soil, the toxic effects were 
found to be greater in those pots which 
had been leached with only 10 surface- 
inches of water than in those leached 
with 16 inches. The toxicity did not af- 
fect the percentage of germination and 
was shown chiefly in the malformation 
and mottled appearance of the primary 
and first trifoliate leaves. 


Summary 


1. Six soils with a wide range in pH 
and in physical properties were treated 
with lime,  2,4-dichlorophenoxyacetic 
acid, and the calcium salt of the acid in 
such a manner as to obtain four condi- 
tions for each soil. 

2. The treated soils were leached with 
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water at rates equivalent to 10 and 16 
surface-inches over a 6-week period. The 
leachates were collected and _ tested 
weekly with a corn-seed bio-assay to de- 
termine relative toxicities. 

3. The bio-assays indicated that the 
leachates from soil C (peat) were rela- 
tively nontoxic at the end of 2 weeks and 
that those from all soils except soil F 
(naturally alkaline) were relatively free 
of the herbicides at the end of 6 weeks. 
There were no significant differences in 
the degree of toxicity and its persistence 
in limed as compared with unlimed 
samples within each soil type or in that 
of the calcium salt versus the acid. 

4. At the end of 6 weeks, the bottom 


half of each soil mass was tested for resid- 
ual toxic effects by the germination of 
red kidney beans. This test indicated 
that soil F was still somewhat toxic from 
the treatment and that the samples of 
this soil leached with 10 surface-inches of 
water were more toxic than those leached 
with 16 surface-inches of water. All other 
soils were then free of the toxic effect of 
the herbicide. 


The author wishes to express gratitude 
to Dr. CHARLES E. OLMSTED for advice 
and close interest in the problem. 
DEPARTMENT OF BOTANY 
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HISTOLOGICAL RESPONSES OF BEAN PLANTS TO 
NICOTINE AND TO WOUNDING 
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A. GERALDINE WHITING AND MARY AILEEN MURRAY 


Introduction 

Nicotine is one of the well-known 
plant alkaloids, a group of compounds 
which have been used in many different 
types of experiments. Some of these al- 
kaloids possess medicinal properties, and 
many are intensely poisonous, their ef- 
fect depending in part upon the concen- 
tration used. According to Macut and 
Davis (12), nicotine is very toxic not 
vnly for animal but also for living plant 
protoplasm. They recorded inhibition of 
root growth of Lupinus albus in 1: 5,000 
solutions of various forms of nicotine. 
Likewise, when EISLER and PORTHEIM 
(5) soaked certain seeds in 0.1-0.4% 
nicotine solutions, tobacco failed to ger- 
minate and buckwheat seedlings were in- 
jured. In contrast, SONNENSCHEIN (20) 
found that growth was stimulated when 
soybean seeds were soaked in a 0.2% so- 
lution for 24 hours. He also noted that 
nicotine in combination with atropine or 
with colchicine induced polyploidy. NE- 
MEC (17) described certain effects of nico- 
tine upon cell division in root tips of the 
pea. From experiments with young corn 
plants grown in nutrient solutions con- 
taining nicotine tartrate (m/10o to 
m/10,000), WEIs et al. (22) reported that 
nicotine was harmless to the plants. 

The application of nicotine sulphate 
as an insecticide has been a widespread 
horticultural practice for nearly two cen- 
turies. In 1940 MartTIN (13) stated that 
no record could be found of any damage 
to plants caused by the rficotine itself in 
washes and dusts used as insecticides. 


During greenhouse fumigation experi- 
ments with concentrations of nicotine as 
high as 30-60%, Rr. HARDSON et al. (18) 
observed no apparent injury to crops of 
lettuce, tomato, and various other plants. 
More recently WiTHROW and BIEBEL 
(24) reported that young leaves of Biloxi 
soybean showed chlorosis after exposure 
to a 14% nicotine fumigant. However, 
they suggested that other products in the 
fumigation process may have been in- 
volved. 

Experimentation with nicotine as a 
growth-regulating substance was report- 
ed by TRAUB (21) in 1938. He tested 
over one hundred different compounds 
for their effectiveness in promoting the 
initiation of roots in cuttings of several 
different subtropical plants. In compari- 
son with other substances tested, nico- 
tine in a 0.01% solution was rated in the 
highest degree of superiority. This placed 
it in the same category as 0.02% indole- 
butyric acid, which Travus considered 
the most useful of the compounds tested. 


Material and methods 


The present report on nicotine is a 
continuation of the series of experiments 
(3, 7, 8, 9, 10, 15, 23) on the histological 
response of bean plants (Phaseolus vul- 
garis var. Red Kidney) to various growth 
regulating substances. Methods were 
similar to those described for the earlier 
experiments. Observations and _ collec- 
tions of material were made at various in- 
tervals up to 30 days after decapitation. 
The specimens were preserved in Nava- 
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shin’s solution, imbedded by the buty] al- 
cohol-paraffin method, sectioned at 10- 
15, and stained in a modified triple 
stain. The nicotine was obtained from 
the Eastman Kodak Company. 

Four different lots of bean plants were 
used. Because histological examination 
of the first lot showed marked similarity 
between treated and control plants, the 
original experiment was repeated and ex- 
tended with greater consideration given 
to control plants and natural wound re- 
sponse. 

Lor I.—These plants were grown in 
the greenhouses of the Bureau of Plant 
Industry, Soils and Agricultural Engi- 
neering, United States Department of 
Agriculture, Beltsville, Maryland, in 
May and June, 1939. Young plants of 
uniform size with the first trifoliate leaf 
unfolding were decapitated near the apex 
of the lengthening second internode. The 
treated plants, the greater part of the 
lot, received an application of 2% nico- 
tine in anhydrous lanolin smeared over 
the cut surface. Some of the control 
plants were only decapitated; on others, 
lanolin alone was applied to the cut sur- 
face. 

Lor II.—This experiment, in general a 
repetition of the first, was conducted in 
the greenhouses of the University of 
Chicago in May and June, 1946. The 
number of control plants equaled that of 
plants treated with nicotine. One half of 
the latter received an application of 2% 
nicotine in lanolin; the other half, 3% 
nicotine in lanolin. Control plants were 
treated in two ways: simple decapitation 
and decapitation plus an application of 
lanolin. 

Lor III.—Plants from lot II were used 
for further experimentation in wound re- 
sponse of control material. In each plant 
the second internode of the strongest axil- 
lary branch, which developed after the 


removal of the main stem, was decapi- 
tated. One half of these branches re- 
ceived no further treatment; the other 
half, an application of lanolin only. 

Lot IV.—This lot of material was de- 
rived from an experiment in which bean 
plants were decapitated in the upper 
portion of the hypocotyl 7 days after 
planting. No further treatment was giv- 
en, and collections were made at various 
intervals after decapitation. Doutt (4), 
in her study of the anatomy of the bean 
plant, considered the upper portion of 
the hypocoty) similar in structure to the 
stem except for the tangential arrange- 
ment of the primary xylem (fig. 15A). 


Observations 
GROSS RESPONSES 


Lot I.—The response of the two lots 
of plants treated with nicotine differed 
considerably in degree but not in kind. In 
lot I treatment with 2% nicotine induced 
a strong response, and a well-defined 
tumor was formed. The following de- 
scription of gross response is based on 
observation of this first lot of material in 
which treatment was more effective. 

The gross response of the decapitated 
stem to 2% nicotine indicates that only 
the uppermost and peripheral portions 
of the tip were obviously stimulated by 
treatment with nicotine. Visible response 
was initiated slowly. By the 3d day the 
apex showed a central depression in the 
pith and a slight flaring of the outer tis- 
sues. This outward flare extended down 
the stem less than 1 mm. By the sth day 
the central cavity had deepened and was 
lined with injured or suberized pith cells. 
Occasionally, the xylem tissues at the 
margin of the cavity stood up as a slight 
ring or crown. Tissues outside this xylem 
ring were flared outward to a depth of 
1.5 mm., and the stem tip had broadened 
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to twice its original diameter. The outer- 
most tissues were then at right angles to 
the stem axis and gave the apex the ap- 
pearance of a flat nailhead with a hol- 
lowed center. After the 7th day the stem 
below the cut surface changed little in 
appearance. 

Proliferation of the flared stem tissues 
in the formation of the tumor was evi- 
dent above the original level of the cut 
surface by the 5th day. The most rapid 
growth occurred between the 5th and 7th 
days and was followed by a period of 
gradual enlargement. In later stages the 
rate of growth appeared to diminish, but 
increase in size was noted until observa- 
tions were discontinued at the end of 30 
days. At this time a large tumor meas- 
ured 13 mm. in transverse diameter and 
8 mm. in length. In early stages of 
growth the proliferation was pale in 
color. Within a few days the tumor be- 
came light green, succulent in appear- 
ance, and finely tuberculate over the sur- 
face. Later growth was accomplished by 
maturation, and older tumors appeared 
firm and compact. Portions of the surface 
were brown where cells were suberized. 
In shape the tumor was flat across the 
top with the peripheral portions growing 
downward and closely encircling the 
stem (figs. 8B, 9A). These marginal areas 
showed the greatest growth and, in later 
stages, formed the larger part of the 
tumor. The central cavity was a char- 
acteristic feature and became partially 
filled or overgrown by proliferating tis- 
sues in older stages. The tumor was gen- 
erally symmetrical as compared with the 
irregular tumors induced by such sub- 
stances as indoleacetic acid. At no time 
was there evidence of the presence of 
root primordia. 

Only brief observations were made of 
control plants grown in lot I. Decapitat- 
ed stem tips, receiving no further treat- 
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ment, occasionally developed small tu- 
mors. Those which received an applica- 
tion of lanolin showed consistently great- 
er response, although no large tumors 
were formed. There was irregularity in 
the form of these tumors and in the de- 
gree of response. In one plant treated 
with lanolin a tumor which formed with- 
in 7 days after treatment was larger than 
some formed during 20 days’ growth in 
other instances. 

Lor II.—In this lot plants treated 
with 2% nicotine failed to show the vigor 
of response of the earlier experiment, and 
small irregular tumors were formed. 
Plants treated with 3% nicotine more 
nearly reached the degree of response 
evident in lot I. 

Since particular emphasis was placed 
on control plants in lot II, observations 
of gross responses were more complete for 
this group. However, conditions for 
growth were apparently less favorable 
than with lot I. Simple decapitation of 
the second internode rarely induced 
tumor formation. The cut surface be- 
came brown and dry, and some shrinkage 
of the tissues occurred at the apex. Be- 
low the apex the tissues remained firm 
and green for a period of 3-4 weeks after 
decapitation. Following this period, yel- 
lowing became apparent in many stem 
tips, and they died back 3 inch or more. 
In the lanolin-treated plants paling of 
the surface was marked, but the surface 
itself remained fresh in appearance. Gen- 
erally a slight flaring of the tissues was 
detectable at the cut surface by the end 
of the 3d day. Further development was 
unpredictable. Often no more prolifera- 
tion or callus formation was evident. In 
some plants tumors developed in 7-12 
days (fig. 11A); in other plants a similar 
size was not attained until 27-31 days 
(fig. 11B). These tumors were irregular in 
form, and frequently only one sector of 
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the stem tip was involved (fig. 11C). No 
large tumors were observed. 

Lot III.—In this lot the decapitated 
second internode of the axillary branch 
received treatment comparable with con- 
trol material in the first two lots. How- 
ever, the diameter of the axillary branch 
was greater and the tissues appeared to 
be more mature; the response was like- 
wise greater in degree. Branches which 
were simply decapitated showed a dark- 
ening and drying of the surface; in those 
which received an application of lanolin, 
the cut surface appeared fresh and suc- 
culent under this covering. In both cases 
slight yellowing and flaring of the stem 
tip were detectable by the 2d day. En- 
largement continued, and by the 5th—7th 
days it was clearly evident that the re- 
gion of growth was a band of proliferat- 
ing tissue lying between the outer tissues 
and the xylem. The xylem appeared as a 
distinctive ring or crown of darkened 
tissue, and the center of the stem was 
somewhat sunken and dried. Further 
growth changed the pattern but little. 
The band of proliferating tissue in- 
creased in width to form a broadly flared 
tumor which abruptly tapered down- 
ward to the diameter of the unaffected 
stem. Such tumors might reach a width 
of 6-7 mm. across and 4-5 mm. in length 
at the end of 2—-3 weeks. There was no 
growth of peripheral portions of the 
tumor downward to encircle the stem, 
such as was noted for nicotine treat- 
ment. 

Lot IV.—The response in this lot, 
composed of decapitated hypocotyls, was 
similar to that of the axillary branch of 
lot III. The broadly flared stem tip 
showed the band of proliferating tissues, 
the protruding crown of matured xylem 
elements, and a central cavity resulting 
from the disintegration of pith. 


HISTOLOGICAL RESPONSES 


NicoTInE.—The following detailed 
description of the histological responses 
of bean to nicotine is based upon a study 
of the first lot of plants. Nicotine, as ap- 
plied in this experiment, induced re- 
sponses only in the uppermost levels of 
the stem. The greatest proliferation oc- 
curred within rt mm. of the surface of ap- 
plication; below this level the response 
diminished in degree and extended be- 
yond 2-3 mm. only in the endodermis 
and in the cambium. Response varied 
from plant to plant, but these differences 
were more evident in the rate of reaction 
than in the pattern of response. 

The epidermis and the cortical paren- 
chyma were frequently injured at the 
cut surface and were limited in their re- 
sponse. Epidermal cells immediately be- 
low the injured ones might enlarge 
slightly and by the 3d day undergo one 
or two transverse divisions (fig. 1A). 
Further response consisted of the usual 
growth to allow for expansion of internal 
tissues. The downward extent of response 
in the cortical parenchyma was generally 
less than 0.5 mm. below the cut surface. 
Enlargement and proliferation of the 
cells were evident by the 3d day (fig. 1A) 
and continued through the 5th day. The 
degree of proliferation varied consider- 
ably from none at all to divisions in vari- 
ous planes in the upper cells (fig. 2). 
These divisions did not, however, con- 
tribute to the proliferation of a tumor 
above the cut surface. 

The endodermis was more sensitive 
than the cortical parenchyma. By the 3d 
day (fig. 14, C) endodermal cells down 
to about 1 mm. were enlarged, and pro- 
liferation was initiated in the upper- 
most cells. Maximum development was 
reached by the 5th day. Because of the 
outward flaring of tissues at the stem 





;. 1.—Decapitated second internodes, 3 days after treatment with 2% nicotine in lanolin. A, longi- 
section: ep, epidermis; en, endodermis; fc, pericycle; pi, primary phloem; p/.2, secondary phloem; ca, cam- 
bium; 2, vessel; xy:, primary xylem. Initial proliferation of cells of endodermis, phloem parenchyma, and 
meristematic zone (cambium and its undifferentiated derivatives); a few divisions in epidermis; pericycle 
crushed; pith inactive. B, transection, 0.3 mm. below cut surface. Epidermis and cortex injured; pericycle 
over bundle crushed; parenchymatous cells of phloem and rays enlarged. Note characteristic elongation of 
xylem parenchyma encircling mature vessels. C, same stem as B, 0.5 mm. below cut surface. Endodermal 
cells enlarged radially. (Material for figs. 1-9 taken from lot I.) 
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Fic. 2.—Longisection, 5 days after treatment with nicotine: xy., secondary xylem; 0 mm., approximate 
level of cut surface as determined by severed vessels, outer tissues having been deflected downward. At 
apex proliferation of cortical parenchyma, endodermis, phloem parenchyma, and meristematic zone. Below 
cut surface enlargement and division of endodermal cells; pericycle crushed; secondary phloem sieve tubes 
and companion cells recognizable within short distance of cut surface. Meristematic zone very active and 
forming wedge-shaped area of proliferated tissue, which is torn from inactive secondary xylem at stem tip. 
Central pith disintegrating. Levels a, b, c, d similar to transections in figs. 3 and 4. 
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Fic. 3.—Transections, 5 days after treatment with nicotine. A, just below surface of application: f, 
secondary xylem layer of fibers. Outer segment proliferated mainly from meristematic zone; inner segment 
bordered on outer margin by fiber layer (f) and composed of inactive xylem, inner portion of ray, and pith 
tissues. Compare with level a, fig. 2. B, same stem, 0.5 mm. below cut surface. Marginal proliferated tissue 
derived from primary phloem parenchyma (tissues from pericycle outward deflected below this level); 
secondary phloem sieve tubes appearing as dark patches; wide band of proliferated tissue in meristematic 
zone; layer of secondary xylem fibers differentiated around stem; cells of inner portion of ray and xylem 
parenchyma adjacent to matured vessels much enlarged; central pith disintegrating. Compare with level 6, 
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Fic. 4.—Transections, 5 days after treatment, same stem as fig. 3. A, 1 mm. below cut surface: ra, ray. 
Outermost cells enlarged cortical parenchyma; endodermal derivatives forming broad band because of out- 
ward deflection at stem tip; pericycle conspicuously crushed over bundles; wide band of proliferating cells in 
meristematic zone; outer portion of ray (ra;) keeping pace with meristematic zone by means of cell enlarge- 
ment and a few divisions; many cells of inner portion of ray (raz) greatly enlarged; layer of fibers interrupted 
across some rays. Compare with level ¢, fig. 2. B, same stem, 1.5 mm. below cut surface. Endodermal cells 
enlarged radially and a few divided tangentially; initiation of vascular bundle (vb) from derivatives of endo- 
dermis, occurrence infrequent. Pericyclic cells crushed (pcr) or maturing as fibers (pcz2). Meristematic zone 
not so wide as at higher levels. Compare with level d, fig. 2. 
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Fic. 5.—Longisections of decapitated stem treated with nicotine. A, 7 days: fr, tracheid. Early stage in 
development of tumor derived mainly from upward proliferation of meristematic zone; outermost tissues 
cut off by crushed pericycle. Beginning of maturation in derivatives of meristematic zone evident in differ- 
entiation of tracheids (#7) immediately centrad to cambium (ca). B, 16 days. More mature stage in develop- 
ment of tumor, showing layer of tracheids derived from cambium below original level of treated surface. 
Differentiation of vascular strands in tissue proliferated above treated surface. Levels a, b, c corresponding 
approximately to transections in figs. 6A , B, 8B, respectively. 
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Fic. 6.—Transections of stem, 12 days after treatment with nicotine. A, at cut surface. Outer region 
highly meristematic periphery of tumor. Enlargement and slight proliferation of tissues centrad to secondary 
xylem layer of fibers (f); greater activity in rays lacking fiber layer (ra,). Compare with level a, fig. 5B. 
B, same stem, 0.5 mm. below cut surface. Pith inactive. Parenchyma cells of xylem and ray centrad to fiber 
layer responding mainly with enlargement. Outside fiber layer radial rows of cells are vascular tissue differ- 
entiated from meristematic zone and deflected to horizontal position. Cells in remaining (outer) portion of 
tumor maturing generally as parenchyma; some continuing activity to form vascular bundles (vb); others 
enlarged, divided, and collapsed; a few at periphery remaining meristematic. Compare with level }, fig. 5B. 
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Fic. 7.—Transections of same stem as fig. 6, 12 days after treatment. A, 1 mm. below cut surface. Endo- 
dermal cells enlarged radially and a few dividing; many pericyclic cells crushed (pcr) but some maturing 
into fibers (pc2). Derivatives of meristematic zone differentiated as phloem and as xylem tracheids; narrow 
meristematic layer including cambium (ca); ray cells maturing as parenchyma. B, same stem, 1.5 mm. below 


cut surface. Response similar to that at 1 mm. Secondary phloem which matured before treatment is 
crushed (ph2). Compare with transection of stem in fig. 8B. 
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Fic. 8.—Transections of tumors, 19 days after treatment with nicotine. A, immediately below cut surface. 
Irregular proliferation at periphery results in tuberculate surface. Vascularization more advanced than in 
fig. 6B. B, 1.5 mm. below cut surface. Overhanging portions of tumor closely formed about stem axis in 
center. Compare with level c, fig. 5B. Tumor parenchymatous and highly vascularized (dark patches). 
Response in stem evident in wide band of tissues differentiated from meristematic zone. 
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Fic. 9.—Longisection of apical tumor, 21 days after treatment with nicotine. A, growth of tumor in 
outward and downward directions; central cavity partially filled by overgrowth. B, detail of A. Vascular 
complex of tumor directly connected with vascular tissues in stem. Note general maturation of proliferated 
tissues as parenchyma, except for vascular bundle originally differentiated from meristematic zone (see 
fig. 5A) and now considerably €nlarged through activity of cambium. 
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Fic. 10.—Decapitated stem from lot I, 20 days after treatment with lanolin only. At cut surface epidermis 
and cortical parenchyma injured; enlargement and slight proliferation of endodermal and pericyclic cells. 
Phloem parenchyma enlarged and proliferated; marked activity in cambium and adjacent undifferentiated 
cells (meristematic zone); segments of immature xylem vessel conspicuously enlarged. Superficial tumor 
formed mainly from surface proliferation of phloem, meristematic zone, and unlignified xylem tissues. Trans- 
verse phellogen forming in pith. 
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Fic. 11.—Decapitated stems from lot IT, treated with lanolin only. A, longisection, 9 days. Development 
of superficial tumor similar to fig. 10. Transverse phellogen lacking. B, longisection, 27 days. Although con- 
siderably older, tumor similar to fig. 114 in extent of development. C, transection about 0.5 mm. below cut 
surface, 27 days: /, phellogen. Inequality of response over cut surface shown in proliferation of small callus 
at left, evidence of collapse of tissues at upper right, and formation of phellogen (p) in lower right sector. 
Note relatively immature stage in development of stem tissues and absence of secondary xylem fiber layer, 
characteristic of material in lot II. 
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I'1G. 12.—A, longisection of second internode from lot I, 7 days after decapitation, cut surface untreated. 
Superficial tumor derived mainly from activity in meristematic zone. Comparable in development to fig. 10. 
Traces of transverse phellogen. B, longisection of axillary branch from lot III, 9 days after decapitation, 
cut surface untreated. Proliferation of callus mainly in meristematic zone lying between well-developed 
secondary xylem and secondary phloem. Some proliferation in endodermis. As compared with A, greater 
proliferation of callus associated with greater activity of stem. 
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Fic. 13.—Axillary branches from lot III. A, longisection, 12 days after decapitation and treatment with 
lanolin only: par, parenchyma. Outer tissues inactive, except for slight proliferation in endodermis. Lignified 
pericyclic fibers showing no response. Proliferated, wedge-shaped meristematic zone lying between mature 
secondary phloem and secondary xylem and composed of vascular strands (vb) and parenchymatous tissue 
(par). B, detail of transverse secti6n of axillary branch at time of decapitation. Mature stage of development 
shown in secondary tissues and heavily lignified pericyclic fibers. Compare with fig. 11C. 
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Fic. 14.—Transections of decapitated axillary branch from lot III, 9 days after treatment with lanolin. 
A, near cut surface through apical portion of callus. Outer tissues proliferated from phloem parenchyma 
and meristematic zone. Vascularization resulting in complex of bundles (vb). Inner cylinder consisting of 
secondary xylem formed before treatment and disintegrating pith. B, same stem, at level comparable to 
lowest level of fig. 134A. Little response in outer tissues; derivatives of meristematic zone (between ph, and 
«y2) matured as vascular tissue or as parenchyma (par). 
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Fic. 15.—A, transection of hypocotyl below cotyledonary node. Mature stage of development, showing 
stemlike arrangement of tissues except for tangential arrangement of primary xylem (xy;). B, longisection of 
hypocoty] from lot IV, 25 days after decapitation, cut surface untreated. Marked proliferation in endodermis; 


otherwise, development of callus similar to that in other control material. Note similarity to fig. 5A of ma- 
terial treated with nicotine. 
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ving _ Fic. 16.—Longisection of hypocotyl, 15 days after decapitation, cut surface untreated. Wedge of pro- 
ail liferated tissue derived from meristematic zone lying between phloem and xylem formed in axis before treat- 
one ment. Broad, upper portion proliferating to form outward flaring callus. Derivatives in proliferated area 
aie matured as: parenchyma; small vascular bundles (vb,;) scattered among parenchymatous cells; a well- 


defined vascular bundle (vb.) formed along outer margin of callus and continuous with vascular tissues of 
axis, 
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tip, the orderly pattern of response is 
most clearly seen in longitudinal sections 
(figs. 2, 5A). Just below the cut surface 
was a zone of cells dividing in irregular 
planes. At lower levels divisions were 
limited to the tangential plane, and the 
derivatives appeared in successive rows, 
two to six cells deep. At still lower levels 
of response (between 2-3 mm.) was a re- 
gion of simple radial enlargement. The 
endodermis did not form a highly meri- 
stematic layer and only infrequently ini- 
tiated vascular tissue (fig. 4B). Gener- 
ally, the derivatives matured as paren- 
chyma. Little or none of the tumor was 
derived from the endodermis, although in 
some plants a few dividing cells at the cut 
surface might be associated with the 
proliferation of the much more active 
inner tissues (fig. 9B). 

The response of pericycle to treat- 
ment with nicotine was influenced by the 
thickness of the cell walls at the time of 
decapitation. If the uppermost pericyclic 
cells were immature at this time, they 
might enlarge and become indistinguish- 
able from adjoining tissues or theymight 
be crushed beyond recognition (fig. 2). 
If these cells were partially matured, 
they were frequently crushed and by the 
5th day appeared as a conspicuous dark 
line in both longitudinal (fig. 2) and cross 
sections (figs. 44, B, 7A, B). In the lat- 
ter, this crushed pericycle was clearly 
evident between o.5 and 1.5 mm., espe- 
cially over the bundles. At lower levels 
some of the pericyclic cells persisted un- 
crushed, and their walls thickened slight- 
ly. At increasing distance from the cut 
surface there was the usual maturation of 
fibers. The pericycle appeared to take no 
part in the formation of the tumor. More- 
over, when the pericycle was crushed in 
the upper levels, outer tissues might be 
cut off from participatioh in tumor for- 
mation (fig. 5A). 
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Response in the upper levels of pri- 
mary phloem parenchyma consisted of 
cell enlargement and divisions in various 
planes. This proliferation was like that of 
the cortical parenchyma, but it was 
greater in amount and contributed to the 
outward flaring of the stem tip. Enlarge- 
ment and _ proliferation continued 
through the 5th day, the response finally 
extending to about 1.5 mm. below the 
cut surface (fig. 2). The derivatives ma- 
tured as parenchyma. At the cut surface 
continued proliferation produced a small 
part of the peripheral portion of the tumor 
(fig. 9A, B). 

Cells of the secondary phloem paren- 
chyma, especially those in the phloem 
rays, responded in a manner similar to 
the primary phloem parenchyma. En- 
largement and proliferation of the cells 
occurred in the upper levels and were 
completed by the 5th day. Sieve tubes 
and companion cells showed little activ- 
ity and could be readily identified to 
within a few cells of the cut surface (fig. 
2), although these sieve-tube groups 
might be disarranged by the activity of 
intervening phloem rays. As a secondary 
consequence of the proliferation of tissues 
centrad to the secondary phloem, sieve 
tubes and companion cells matured pre- 
vious to decapitation might be crushed. 
This crushing became noticeable about 
the oth day and, by the 12th day, re- 
sulted in patches of collapsed cells (fig. 
7B). These were distinct at 1 mm. and 
extended to 2.5 mm. below the cut sur- 
face. Derivatives of secondary phloem 
became indistinguishable from those of 
the primary phloem in forming peripher- 
al portions of the tumor above the cut 
surface. 

The greatest degree of proliferation in 
response to treatment with nicotine was 
in the zone between mature secondary 
phloem and mature secondary xylem, 
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a region consisting of the cambium and 
the undifferentiated cells lying on either 
side of the cambium. Proliferation of 
these tissues resulted in an area of active 
tissue which is designated the meriste- 
matic zone. Cells of those portions of the 
interfascicular rays abutting the cam- 
bium and its derivatives likewise pro- 
liferated so that this zone was continuous 
about the stem (figs. 3A, 4A). 

Proliferation in the meristematic zone 
was quickly initiated after treatment. 
By the 3d day cells in the uppermost lev- 
els had undergone divisions in various 
planes and had formed an irregular mass 
of tissue (fig. 14). Between 0.5 to 1.5 
mm. below the original level of the cut 
surface the undifferentiated derivatives 
were enlarged, often in a radial direction, 
and there was an increased number of 
cambial derivatives. By the sth day a 
broad region of highly meristematic, 
generally proliferating, tissues had been 
formed at the stem tip (fig. 2). At lower 
levels this became a wide zone of radially 
arranged, apparently multinucleate cells. 
During the period of greatest prolifera- 
tion successive divisions appeared to be 
so rapid that cell wall formation did not 
keep pace with nuclear division. When 
wall formation was completed later, the 
multicellular nature of the zone was 
clearly evident. With increasing distance 
from the cut surface the number of cell 
divisions and the width of the meri- 
stematic zone diminished. This zone was 
conspicuously wide at 1 mm. (fig. 44) 
and much narrower (fig. 4B) but still evi- 
dent at 2 mm. Activity in the meriste- 
matic zone resulted in the formation of a 
wedge-shaped ring of tissue (fig. 5A, B) 
which contributed largely to the outward 
flaring of the stem tip. 

Below the original level of the cut sur- 
face maturation of cells in the meriste- 
matic zone began in 6 or 7 days and was 


first evident in the formation of relatively 
small, narrow, slightly elongated, reticu- 
lately thickened tracheids. Differentia- 
tion, as observed in longisections, was 
initiated along the curve of the outward 
flaring of the stem tip (fig. 5A). Outside 
this initial layer of tracheids the cells re- 
mained meristematic and formed an ac- 
tive and readily identified cambium. 
Cambial divisions resulted in addition- 
al tracheids so that by the 16th day a 
well-defined layer of tracheids was 
formed, often ten cells deep (figs. 5B, 9A, 
B). Outside the cambium a narrow layer 
of new phloem was differentiated (fig. 
7A, B). At the lowest levels of response 
this layer of tracheids was adjacent to 
the xylem formed before treatment, and 
the newly formed xylem and phloem tis- 
sues merged with the new secondary tis- 
sues of unaffected portions of the stem. 
At the upper levels the proliferated tis- 
sues centrad to the tracheid layer general- 
ly matured as parenchyma. In the apical 
portions of the meristematic zone which 
proliferated above the original level of 
the cut surface, those cells near the 
periphery remained meristematic and 
proliferated actively to form the major 
part of the tumor. 

Response of the xylem was dependent 
upon the formation and maturity of the 
cells at the time of decapitation. The 
degree of maturity varied from stem to 
stem and within a single stem. The first 
layer of secondary xylem differentiated 
in the bean stem consisted of fibers (4). 
In some of the treated stems this layer 
of fibers was matured almost continuous- 
ly around the stem; in others it was inter- 
rupted across the rays or lacking over 
wide sectors (fig. 6A, B). Mature fibers 
and lignified vessels formed the ring or 
crown of xylem at the cut surface (fig. 
2). These cells and elements showed little 
change following decapitation, except 
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that the very dark color resulting from 
the staining process suggested some 
change in chemical constitution. Because 
of differential activity, the tissues of the 
meristematic zone were frequently torn 
from this xylem layer. In the early stages 
of response this split might extend as far 
as o.5 mm. below the cut surface (figs. 
2, 3A). If the vessel segments, tracheids, 
and fibers were immature at the time of 
treatment, they might participate in the 
general apical proliferation. Somewhat 
below the cut surface (about 0.5 mm.) 
these immature elements often became 
enlarged; their cell walls were greatly 
stretched and in places might even be 
ruptured (figs. 3B, 4A). Cells of the 
xylem parenchyma adjacent to the ves- 
sels often enlarged, and in transection 
they formed a striking pattern encircling 
the vessels (fig. 1B, C). Frequently, the 
nucleus lay at the end of the parenchyma 
cell nearest the vessel. Response in the 
xylem parenchyma was evident by the 
3d day. It might extend downward to 
2mm. 

The interfascicular ray may be di- 
vided at the layer of fibers into an outer 
and an inner portion, the outer portion 
responding as part of the meristematic 
zone. At the cut surface the cells prolifer- 
ated, and their derivatives became indis- 
tinguishable from those of the adjoining 
tissues (fig. 34). At slightly lower levels, 
however, cells in this outer portion of the 
ray enlarged, especially in a radial direc- 
tion. They might undergo a few tan- 
gential divisions, but no interfascicular 
cambium was formed. The derivatives 
matured as parenchyma. The large size 
of these cells distinguished the rays from 
other tissues proliferated in the meri- 
stematic zone (fig. 4A). 

Response in the inner portion of the 
ray varied with the presence or absence 
of a layer of fiber. In general, when the 
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fiber layer was present, only a few ray 
cells enlarged and underwent occasional 
divisions (figs. 3B, 4A). If the fiber layer 
was absent, the ray cells responded more 
generally with enlargement and division, 
especially those cells in close proximity 
to the meristematic zone (fig. 6A). The 
response in the inner portion of the ray 
appeared by the 3d day, and little change 
took place after the 5th day. The down- 
ward extent of the response varied; gen- 
erally it was about 1 mm. At the cut sur- 
face the cells were frequently injured in 
treatment and did not participate in the 
formation of the tumor. 

The cells of the pith showed no tend- 
ency to proliferate but began to collapse 
near the cut surface by the 3d day. This 
effect extended downward, and by the 
5th day disintegration commenced in the 
center of the stem (fig. 2). Collapse of the 
pith resulted in a central depression char- 
acteristic of the gross aspects of the 
tumor. In older stages collapse of the 
pith might reach a depth of 1.5 mm. The 
central depression frequently became 
partially filled with tissue proliferated 
from the meristematic zone (fig. 9A). 

The tumor was derived from the fol- 
lowing tissues: a slight amount from the 
endodermis; a small part, mainly in the 
lateral portion, from primary and second- 
ary phloem parenchyma; and a major 
portion from the highly responsive meri- 
stematic zone. That portion of the tumor 
which was above the cut surface resulted 
from the proliferation of these tissues. 
Upward growth was not distinct until 
the sth day (fig. 2) and was pronounced 
by the 7th day (fig. 5A). The tumor in- 
creased in size for several weeks. The 
peripheral portions were small-celled and 
meristematic. In inner portions the tis- 
sue was parenchymatous (fig. 9A). Some 
cells might become very large and crush 
adjacent cells. The large cells might un- 
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dergo division, but often the walls were 
fragile and collapsed (fig. 6B). Vascular- 
ization was evident by the 12th day and 
was mainly a differentiation in apposi- 
tion to the numerous vascular strands 
from the stem below. A complex system 
of branching vascular strands resulted. 
These were composed of short reticulate 
tracheids, narrow cambial-like cells, and 
small phloem-like elements. As matura- 
tion of the tumor proceeded, vasculari- 
zation occurred in the peripheral por- 
tion, marginal cells lost their meri- 
stematic character, and exterior cells be- 
came suberized (figs. 5B, 8A, 9A, B). 

No root primordia were observed in 
the material studied. The endodermis, 
the rays, and adjacent tissues did not 
reach a degree of proliferation and or- 
ganization suggestive of the develop- 
ment of root histogens. 

Histological examination of the stem 
tips treated in lot II confirmed early ob- 
servation of gross material. The tumors 
formed as a result of treatment with 2% 
nicotine were small, while those formed 
after treatment with 3% nicotine were 
larger but not so vigorous as tumors in 
lot I. Both concentrations of nicotine 
produced tumors histologically similar to 
those already described in detail for 
lot I. However, associated with the 
weaker response of lot II was a lesser ma- 
turity of the stem tissues. This difference 
somewhat modified the appearance of 
proliferation at the stem tip. Especially 
significant was the absence of strongly 
developed xylem. The meristematic zone 
was not so clearly set off, and the ring or 
crown of protruding xylem elements was 
lacking at the cut surface. 

ConTROL.—In the plants considered 
as controls the character of the response 
was consistent, despite differences in age 
and portion of plant involved (figs. 11C, 
13B, 15A) and variations in time and ex- 


tent of response. The limited prolifera- 
tion observed in the stem tips of lots I 
and IT (figs. 10, 11A, B, 12A) represented 
the initial stages of callus formation. In 
lots III and IV (figs. 12B, 13A, 15B, 16) 
proliferation advanced beyond these 
initial stages to the formation of a well- 
developed callus or tumor. The presence 
of lanolin on the cut surface tended to in- 
duce a greater degree of response than 
that which occurred in simply decapi- 
tated stem tips of comparable material. 
Because wound response in the control 
material was markedly similar to re- 
sponse following treatment with nicotine, 
a brief description of the former will 
suffice. 

In the outer tissues of the stem the re- 
sponse was slight. The epidermis was 
injured, and the uppermost cells might 
undergo transverse divisions or otherwise 
show adjustment to internal expansion. 
The uppermost cells of the cortical paren- 
chyma might be injured or might prolif- 
erate slightly (fig. 16). The endodermis 
varied considerably in the degree of re- 
sponse. It might show almost no change, 
particularly in cases of weak response of 
the stem tip (figs. 10, 114, B, 12A). In 
other plants there might be character- 
istic radial elongation and tangential di- 
visions of the endodermal cells. A layer 
several cells deep might result from these 
divisions (figs. 13A, 15B, 16). With very 
vigorous response a highly meristematic 
tissue was formed. The pericycle followed 
the pattern described for the nicotine 
treatment: at upper levels it might prolif- 
erate slightly (fig. 10) or be crushed (fig. 
12B); at lower levels it matured as the 
usual fibers (fig. 14B). 

The vascular and ray tissues respond- 
ed in much the same manner as in plants 
treated with nicotine. At upper levels the 
parenchymatous cells of the primary and 
secondary phloem enlarged and prolifer- 
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ated to form the outer portions of the 
tumor or callus (fig. 144). Matured sieve 
tubes and companion cells changed little 
and were readily identified in the enlarg- 
ing stem tip. Again the activity of great- 
est significance in the formation of the 
wound callus or tumor was that of the 
cambium and adjacent undifferentiated 
tissues. The resulting meristematic zone 
was most active at the upper levels of the 
stem tip and gradually narrowed at lower 
levels to blend indistinguishably with 
normal secondary growth (fig. 16). As 
seen in longisection, this meristematic 
zone appeared as a wedge of proliferated 
tissue, with its narrow point lying be- 
tween mature secondary phloem and sec- 
ondary xylem and its broad portion form- 
ing the outward flaring callus or tumor 
(fig. 16). Maturation of this proliferated 
tissue occurred as in nicotine treatment. 
At levels below the original cut surface a 
cambium could be identified toward the 
outer or centrifugal side of the wedge. 
Activity of this cambium resulted in the 
formation of new phloem on the outside 
and new xylem tracheids on the inside. 
These tracheids were characteristically 
short, reticulately lignified, and often 
radially arranged. The remaining cells 
of the meristematic zone matured as pa- 
renchyma or differentiated scattered vas- 
cular bundles. The periphery of the tu- 
mor above the original level of the cut 
surface (fig. 15B), however, tended to re- 
main meristematic and to continue pro- 
liferation with proportionate increase in 
the size of the tumor. 

The pith and the xylem formed pre- 
vious to decapitation showed little ac- 
tivity. Lignified xylem elements at the 
stem tip protruded as the ring or crown 
visible in gross observations (figs. 13.4, 
16). Immature or parenchymatous cells 
of the xylem, especially in younger stems, 
might enlarge and proliferate slightly 
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near the cut surface (fig. 10). The cells of 
the pith generally collapsed following de- 
capitation, although in younger stems a 
transverse phellogen might form (figs. . 
10, 11C, 124A). 


Discussion 


In the present experiment the response 
of control bean plants to decapitation 
conformed to the description of wound 
response and callus formation summa- 
rized by Kuster (11) for plants in gen- 
eral. A dominant role was assigned to the 
cambium in the formation of a wedge- 
like ring of callus tissue for which Kis- 
TER used the term ‘“‘Lohden-wedge”’ as 
originally given by Hartic. KUsTEer 
stated that the activity of the pith and 
phloem was variable, although in some 
plants the latter was scarcely less active 
than the cambium. He likewise noted the 
inequality of response over different 
parts of the cut surface. SCHILBERSZKY 
(19), in more detailed studies of wound 
response in species of Phaseolus, also de- 
scribed the formation of a strong callus 
from the region of the cambium. Under 
special conditions of wounding, he re- 
corded the formation of a meristematic 
layer derived from the endodermis and 
producing well-developed extrafascicular 
bundles. This degree of development was 
not attained in the specimens of the pres- 
ent study. 

In both the plants treated with nico- 
tine and those considered as controls, the 
degree of response differed considerably 
from lot to lot. These differences are 
ascribed to factors in the environment or 
to the nutritive status of the plant. Both 
SCHILBERSZKY and KisTer have noted 
the significance of such factors as mois- 
ture and food supply in causing variation 
in the degree of natural wound response. 
Fiint and More Lanp (6) reported strik- 
ing differences in natural wound tumors 
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under varying conditions of humidity 
and light. The experiments of BAUSOR 
(1), BEAL (2), and MircHELL and BROWN 
(14) have shown the interrelationship be- 
tween the reaction to growth-regulating 
substances and the nutrition of the plant. 
In the present experiment environmental 
factors, such as light, were more favor- 
able for the nutrition and growth of 
plants in lot I than for those in lot IT. 
The significance of age was apparent 
among control plants, in which response 
was greater in the axillary branch and 
hypocotyl than in the young stem tip. 
On the basis of histological observations 
of all the lots, greater response was asso- 
ciated with vigorous growth and a great- 
er maturity of stems. 

It is difficult to evaluate the position 
of nicotine as a growth-regulating sub- 
stance. Nicotine in the form of nicotine 
sulphate has been repeatedly applied in 
great dilution as an insecticide with no 
apparent effect on the plant. Experi- 
ments in which nicotine has been sup- 
plied to the plant in nutrient solution 
have produced results which have ranged 
from toxicity to stimulation. As a result 
of experiments with rooting, TRAUB (21) 
placed nicotine in the same category as 
the highly stimulative indolebutyric 
acid. Yet in the series of histological 
studies on bean, nicotine differs mark- 
edly from the response described by 
HAMNER and Kraus (7) for indolebutyric 
acid, both in the character of the tumor 
and in the absence of root primordia. 
Root formation also separates response 
with nicotine from response with indole- 
acetic acid, naphthaleneacetic acid, 
a-naphthalene acetamide, and some sub- 
stituted phenoxy compounds. Response 
with nicotine was more like that with 
tryptophane and tetrahydrofurfuryl bu- 
tyrate, in which root primordia were ab- 
sent, and with phenylacetic acid, in 


which root formation was infrequent. 
However, root formation cannot be con- 
sidered an absolute criterion in evaluat- 
ing responses. Not only has TRAvB re- 
corded root formation with nicotine— 
under different circumstances and with 
different plant material—but also recent 
observations with various concentrations 
of indoleacetic acid (16) indicate that the 
presence or absence of root primordia 
may be dependent upon the concentra- 
tion of growth-regulating substance used. 

The pattern of response induced by 
various growth-regulating substances, 
the degree of proliferation, and the type 
of maturation in the tissues separate re- 
sponse to one growth-regulating sub- 
stance from response to another sub- 
stance. Particularly significant are the 
tissues showing the greatest degree of ac- 
tivity. With nicotine this was the area of 
the cambium, designated the meriste- 
matic zone. The pith was highly respon- 
sive to indoleacetic and indolebutyric 
acids and less so to naphthaleneacetic 
acid. All three resulted in conspicuous ac- 
tivity in the endodermis, the phloem, and 
the rays. Application of a-naphthalene 
acetamide caused a marked increase in 
strongly lignified secondary xylem. With 
phenylacetic acid and with tryptophane, 
activity appeared to be greatest in the 
phloem and endodermis with the devel- 
opment of well-defined vascular bundles, 
especially with tryptophane. Tetrahy- 
drofurfuryl butyrate induced a response 
similar in some ways to that resulting 
from nicotine. With tetrahydrofurfuryl 
butyrate the cambium was greatly ac- 
tivated in the production of xylem, but 
there was proliferation of xylem paren- 
chyma and pith at later stages. 

The response induced by nicotine in 
the present experiment most closely re- 
sembled that resulting from wounding. 
In both responses the greatest prolifera- 
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tion occurred in the meristematic zone 
originating from the cambium and ad- 
jacent undifferentiated tissues. Tumor 
formation and vascularization were also 
essentially alike. However, there were 
differences in the two responses. Nico- 
tine not only considerably augmented the 
amount of response beyond that which 
occurred naturally under comparable cir- 
cumstances but it also induced a re- 
sponse under conditions where the nat- 
ural response failed to occur. With nico- 
tine, tumor formation proceeded at a 
predictable rate. With natural wound re- 
sponse a tumor might be formed in 7 
days, 21 days, or not at all. These prop- 
erties of nicotine may be considered sig- 
nificant: nicotine induces a response his- 
tologically similar to wound response, 
and it has the capacity to induce re- 
sponse in greater degree and with greater 
certainty than in comparable cases of 
natural wounding. 


Summary 


1. Nicotine, applied in lanolin to the 
decapitated second internodes of young 
Red Kidney bean plants, induced a well- 
defined response with the formation of 
a superficial tumor at the stem tip. 

2. The tumor was flat-topped with 
peripheral portions growing downward 
and closely encircling the stem. The sur- 
face was finely tuberculate. There was no 
evidence of root primordia. 

3. Histological characteristics were as 
follows: (a) slight proliferation of cortical 
parenchyma at cut surface; (6) enlarge- 
ment of endodermal cells with several 
tangential divisions near the cut sur- 
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face; (c) pericycle crushed or maturing as 
fibers; (d) general proliferation of phloem 
parenchyma at cut surface; sieve tubes 
little changed; (e) greatest activity in 
cambium and adjacent undifferentiated 
cells forming a meristematic zone and 
resulting in a wedge-shaped area of 
proliferated tissue; at the apex this tissue 
continued to proliferate to form a major 
portion of the tumor; derivatives ma- 
tured as parenchyma or as a complex of 
vascular bundles, the largest of which lay 
along the outer margin of the wedge and 
were continuous with the vascular tissues 
of the stem axis; (f) in the xylem no ac- 
tivity in the lignified elements; some en- 
largement of the parenchyma; (g) outer 
portion of rays proliferated as part of 
the meristematic zone; mainly cell en- 
largement in inner portions; (/) pith in- 
active and soon disintegrating; (2) tumor 
above the treated surface derived mainly 
from the derivatives of the meristematic 
zone; small, peripheral portions from 
proliferation of the phloem. 

4. Observations of wound response 
were made on decapitated axes of various 
parts of bean plants. Young decapitated 
stems responded with weak, irregular 
tumors or failed to form any callus. 
Hypocoty]s and decapitated older branch 
axes responded with well-defined callus 
formation. 

5. The histological character of wound 
response in the bean conformed to that 
reported for plants in general. 

6. The response to nicotine showed 
greater similarity to wound response 
than to responses described for various 
growth-regulating substances. 
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EFFECTS OF PRE-STORAGE TREATMENT OF HARDWOOD AND 
PINE SEEDLINGS WITH a-NAPHTHALENEACETIC ACID 


ROGER D. WAY AND T. E. MAKI’ 


Introduction 


Although forest tree seedlings usually 
are planted within a few days after lift- 
ing from the nursery bed, storage of 
stock frequently becomes necessary 
when, for instance, fall lifting for early 
spring planting is desirable, or when 
planting of lifted stock is delayed by 
such circumstances as a prolonged period 

™Formerly Research Assistant and Forester, 
respectively, Northeastern Forest Experiment 
Station, U.S. Forest Service, Philadelphia, Pa. 


of bad weather or a shortage of labor. 
The principal objective of storage is to 
maintain dormancy or to hold growth to 
a minimum without injury to, or de- 
terioration of, the stock. Where re- 
frigerated storage is available, this prob- 
‘em is seldom acute, but where common 
storage facilities, such as an unrefrigerat- 
ed cellar or shed, or outdoor heeling-in, 
must be relied upon, the length of time 
over which stock can be held without 
deterioration is definitely limited. 








In current methods of seedling storage, 
emphasis has been placed primarily upon 
proper contro] of temperature and hu- 
midity in the storage chambers (1, 3, 7). 
Though those factors undoubtedly are 
of paramount importance, recent ad- 
vances in the practical application of 
growth-regulators to various fields of 
plant culture have spurred hope that 
these chemicals might also prove helpful 
for maintaining or prolonging dormancy 
of seedlings in storage. Recent studies 
(4, 5, 6) have shown that shoot growth 
of seedlings, both in the field and in 
storage, can be inhibited by use of vari- 
ous growth-regulators. Accordingly, sev- 
eral experiments were undertaken at the 
Beltsville Forest Laboratory? to deter- 
mine the practical utility of growth- 
regulator treatments for prolonging the 
time that tree seedlings can be held in 
common storage. The present paper sum- 
marizes the results from tests with 
naphthaleneacetic acid. 


Review of literature 


MARTH’s (5) extensive work on roses 
is the first published study known to the 
writers that deals with growth-regulator 
treatments of woody plants in storage. 
He found that naphthalenemethylace- 
tate, naphthaleneethylacetate, and naph- 
thaleneacetonitrile, applied either as va- 
por or as spray in proper concentrations, 
inhibited top growth and conserved the 
starch reserve of the stock during stor- 
age. When outplanted, stock treated 
prior to storage showed increased root 
growth, delayed top growth, but, at the 
end of the season, greater total shoot 
growth than untreated plants. In the 
vapor state the most effective concen- 
trations of chemical were 0.3-0.4 mg./cu. 
ft. of treatment chamber; optimum peri- 


2A branch of the Northeastern Forest Experi- 
ment Station, near Laurel, Md. 
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ods of exposure were about 16 hours at 
32°, 4 hours at 40°, or 1 hour at 70° F. 
Concentrations of vapor above optimum 
caused injury; concentrations below op- 
timum stimulated shoot development in 
storage. For use as a spray MARTH rec- 
ommended a concentration of o.or% in 
0.25% wax emulsion. The most striking 
effects of the treatments were in prevent- 
ing deterioration of stock in common 
storage; however, they also improved the 
field performance of stock kept in con- 
trolled cold storage. 

In a series of exploratory experiments 
begun in the autumn of 1942 at the 
Beltsville Forest Laboratory, Ostrom (6) 
obtained highly promising results with 
hardwood stock held in unrefrigerated 
storage for late planting. Both vapors 
and sprays of naphthalenemethylacetate 
largely prevented development of etio- 
lated shoots of white ash. Dormancy was 
prolonged for a month or more indoors 
but for only short periods in an outdoor 
heeling-in bed. Root initiation in these 
two types of storage was stimulated both 
above and below the root collar. Vapors 
and sprays on white ash held in unre- 
frigerated storage improved field sur- 
vival. Treated stock, kept fully dormant 
in cold storage and planted late, showed 
a temporary delay in leafing-out and 
higher survival in the plantation than 
untreated stock. 

The experiments discussed in this pa- 
per were in general a continuation and 
expansion of OstrRom’s work.# 


Material and methods 


The present study was designed to de- 
termine the effects of method of applica- 


3 These experiments were conducted in co-opera- 
tion with the Hormone Project of the Bureau of 
Plant Industry, Soils and Agricultural Engineering. 
Special thanks are due Dr. CHARLES L. HAMNER, 
who prepared the chemicals and assisted in treating 
and storing the stock. 
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tion and of concentration of naphtha- 
leneacetic acid as an agent for prolonging 
dormancy of hardwood and pine seed- 
lings in common storage. It involved two 
separate schedules of pre-storage treat- 
ments and two field plantings. In the 
first experiment, tests were made of the 
effects of three methods of applying the 
growth-regulator (emulsion-dip, vapor, 
aerosol) on seedlings of black locust 
(Robinia pseudoacacia L.) and loblolly 
pine (Pinus taeda L.). The second ex- 
periment tested the effects of a range of 
concentrations of the growth-regulator, 
applied in emulsions only, on seedlings 
of red oak (Quercus borealis var. maxima 
Marsh.) and red pine (P. resinosa Ait.). 
Limited quantities of suitable stock 
necessitated using different species for 
the two phases of the study. Both plant- 
ings were in an infertile sandy loam soil 
of an abandoned field. 

Treatment effects were determined on 
the basis of seedling response in terms of 
prolongation of dormancy, 
vigor, and terminal growth. 


survival, 


Investigation 


[EXPERIMENT I. METHOD OF 
APPLICATION 


The efficacy of emulsion-dip, vapor, 
and aerosol methods of growth-regulator 
applications were compared. For the 
emulsion-dip method, in which lanolin 
at 5 gm./l. of water was used as the 
growth-regulator carrier, preparation 
consisted first of dissolving naphthalene- 
acetic acid in melted lanolin in propor- 
tions to give concentrations of 100 and 
500 mg. of the acid per liter of emulsion. 
Then the lanolin-acid mixtures were 
emulsified in the required amounts of 
water, using monoethanolamine stearate 
at 10 gm./l. as the emulsifying agent. A 
third emulsion, prepared as above except 


that no growth-regulator was added, 
served as a check of carrier effects. A 
fourth, with the same concentration of 
lanolin but emulsified with laundry soap 
at 10 gm./I., provided a comparison of 
the effects of emulsifying agents. In 
treating by the dip method, bundles of 
seedlings were immersed, tops down, in- 
to the liquid to the level of the root col- 
lars, were gently agitated to assure com- 
plete coverage of all twigs and foliage (of 
pines), and then were removed and al- 
lowed to drain a few minutes before pack- 
ing for storage. 

In the vapor method alcoholic solu- 
tions of naphthaleneacetic acid were va- 
porized on a hot plate in an airtight 
chamber containing the bundles of seed- 
lings. The latter were exposed to the 
vapors for 16 hours at about 70° F. at 
concentrations of 0.4 and 0.6 mg./cu. ft. 
of chamber space. Control seedlings of 
the vapor series provided the only un- 
treated group in the test. 

Aerosol treatments were applied by 
the method used by HAMNER, SCHOMER, 
and GOODHUE (2). The aerosol mixture 
consisted of 1% naphthaleneacetic acid 
dissolved in 10% cyclohexanone (a mu- 
tual solvent for the hormone) and 89% 
dimethylether (b.p. = 27° C.), which is 
a liquefied gas and develops 89-90 Ib./sq. 
in. pressure at room temperature and 
thereby disperses the hormone through a 
capillary jet, forming an aerosol. The 
aerosol was released into an airtight 
chamber containing the bundles of seed- 
lings. As with the vapor treatments, con- 
centrations of the growth-regulator were 
0.4 and 0.6 mg./cu. ft. of space, and ex- 
posure was for 16 hours at about 70° F. 
Control seedlings of the aerosol series 
were exposed to a similar aerosol mix- 
ture containing no growth-regulator. For 
both vapor and aerosol treatments seed- 
ling roots were packed in damp sphag- 
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num wrapped in burlap to prevent dry- 
ing during the treatment period. 

The stock used in these tests was 
1-year-old black locust and loblolly pine, 
lifted, respectively, on April 1 and April 
10. For each species, 2000 seedlings were 
sorted into eighty uniform bundles of 
twenty-five seedlings each. This provided 
four replications for each treatment. The 
complete array of treatments consisted 
of three methods of application (emul- 
sion-dip, vapor, and aerosol) X three 
levels of naphthaleneacetic acid (none, 
medium, and high) X two planting dates 
(May 12 and May 25), plus one soap- 
emulsion dip treatment for each planting 
date, making a total of twenty treat- 
ments per species. 

Treatments by all three methods were 
applied on April 11, 12, and 13, 1944. 
The bundles of seedlings were packed 
immediately after treatment into bushel 
baskets with moist sphagnum around 
the roots and were placed in common 
storage. The storage house was a half- 
cellar of masonry walls below ground 
level and insulated frame construction 
above ground, with an adjustable venti- 
lator in the roof. Temperatures in the 
house during storage gradually rose as 
follows: April 12, 51°; April 22, 53°; 
May 10, 60°; May 22, 65°; and May 23, 
67° F. 

The first planting was made on May 
12 and 13 and the second on May 25 
and 26. The plantation arrangement con- 
sisted of four randomized blocks, each 
split into two plots assigned at random 
to the two species. The twenty treat- 
ments were randomized row-wise within 
each plot. Rows were 3 feet apart, each 
containing twenty-five seedlings spaced 
2 feet apart. Planting was done by the 
slit method, using a standard type of 
tree planting bar. 
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RESULTS 

BLACK Locust.—Seedlings of the first 
planting, when removed from storage on 
May 10, were still almost completely 
dormant. Only a few buds had elongated 
as much as an inch. In contrast, seedlings 
removed from storage 13 days later 
(May 23), during which time tempera- 
tures in the house ranged between 60° 
and 67° F., had grown remarkably. Some 
shoots were 2.5 feet long. Of the several 
growth-regulator treatments, only the 
emulsion with 500 mg. of naphthalene- 
acetic acid per liter had inhibited growth 
sufficiently to be readily evident upon 
casual inspection. 

The number of shoots over half an inch 
long was counted on each seedling in the 
first planting on May 15 and on each 
seedling in the second planting on May 
29. The mean numbers per seedling were, 
respectively, 1.8 and 3.7; the mean dif- 
ference of 1.9 is significant at the 1% 
level. Thus, the extra 13 days in storage 
had resulted in a marked increase in 
number as well as in length of shoots. 
Effects of the treatments on number and 
total length of shoots on seedlings of the 
second planting are shown in table 1. 
Treatment effects on the first planting 
were generally similar to those on the 
second planting. Seedling response to the 
soap emulsion was not different from 
that produced by the monoethanolamine 
stearate emulsion. 

Inhibiting effects of naphthaleneacetic 
acid on shoot production were in propor- 
tion to its concentration except in the va- 
por method, where the medium level, for 
some obscure reason, inhibited shoot pro- 
duction more than the high level. The 
high-level emulsion was particularly ef- 
fective. However, the lack of shoots may 
have been due to outright killing of leaf 
primordia rather than to true inhibition 
of shoots. 
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Survival of seedlings was recorded on 
July 6 and November 4, 1944, and on 
May 18, 1945. Since treatment effects 
were practically identical in the three 
tallies, only those shown in the last tally 
are discussed. Neither the method of 
application nor concentration of the acid 
caused any significant differences in sur- 
vival. However, planting dates had a 


TABLE 1 

INHIBITING EFFECTS OF PRE-STORAGE TREAT- 
MENTS WITH NAPHTHALENEACETIC ACID ON 
SHOOT GROWTH OF BLACK LOCUST SEEDLINGS 
HELD IN COMMON STORAGE, APRIL 12- 
MAY 23. SEEDLINGS PLANTED MAY 25, EX- 
AMINED 4 DAYS LATER. BASIS: 100 SEEDLINGS 
PER MEAN 


Mean no. | Mean to- 
of shoots | tal shoot 





Method of Concentration over , length 

application of acid inch long per 
per seedling 

seedling (in.) 

Lanolin ° 4.2 29.8 
emulsion..| {100 mg./I. 3-9 28.9" 
500 mg./I. 2.67 23.17 

; ° 4. 34-5 
Vapor 40.4 mg./cu. ft. sae 27.5T 
0.6 mg./cu. ft. 3.8 28.4* 

| ° 4.0 34-9 
Aerosol | 10.4 mg./cu. ft. 3:7 | 29.07 
| (o.6 mg./cu. ft. 3.7 21.1f 


* Inhibiting effects significant at 5°% level. 
t Inhibiting effects significant at 1% level. 





highly significant effect. Seedlings plant- 
ed May 12 and May 25 showed average 
survival of 92.4% and 76.4%, respec- 
tively. The mean difference of 16.0% is 
significant at the 1% level. 

In general, seedling vigor and growth 
were closely correlated with survival. 
Vigor was rated according to an arbi- 
trary scale as excellent, good, poor, and 
very poor. The average proportions of 
seedlings in excellent vigor on July 6, 
1944, were 64.8% for the early and 
19.6% for the late planting. The mean 


difference of 45.2% is significant at the 
1% level. Neither methods of applica- 
tion nor levels of naphthaleneacetic acid 
had any significant effect on over-all 
seedling vigor. The treatments, however, 
did influence survival and vigor of the 
long, etiolated shoots which had devel- 
oped on seedlings of the May 25 planting 
during the latter part of the storage pe- 
riod. Though most of these spindly 
shoots became green and persisted for 
some time after planting, many of them 





Fic. 1.—Effect of naphthaleneacetic acid in 
preventing development of spindly shoots on black 
locust seedlings held in common storage for 6 weeks, 
then planted on May 25, 1944: /eft, untreated seed- 
lings; right, seedling tops dipped into 0.5% lanolin 
emulsion containing 100 mg. of acid per liter. Note 
dead spindly shoots on untreated seedlings. Photo 
taken July 26, 1945. 


died later in the season (fig. 1). All 
growth-regulator treatments and even 
emulsion alone tended to increase both 
the percentages of spindly shoots remain- 
ing alive and, especially, the percentages 
displaying excellent vigor (table 2). 
Both shoot elongation and foliage de- 
velopment were, like survival and over- 
all vigor, unaffected by the growth- 
regulator treatments but were strongly 
influenced by date of planting. At the 
end of the first growing season, total 
lengths of new growth were significantly 
greater for the early than for the late 
planting, despite the in-storage develop- 
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ment of etiolated shoots up to 2.5 feet 
long on the late-planted series. Thus, by 
the end of the first season, the early 
planting was definitely superior not only 
in quality but also in amount of new 
shoot growth. On May 18 of the second 
season (1945), mean seedling heights 
were 18.1 inches for the early and 14.5 
inches for the later planting. On the same 


TABLE 2 
EFFECT OF PRE-STORAGE TREATMENTS WITH 
VARYING CONCENTRATIONS AND METHODS 
OF APPLICATION OF NAPHTHALENEACETIC 
ACID ON SHOOT GROWTH OF BLACK LOCUST 
SEEDLINGS HELD IN STORAGE. PLANTED 
MAY 25, EXAMINED JULY 6. BASIS: 100 SEED- 





| 
| Spindly | “ail 
Method of Concentration | shoots : ai 
apa : Aaeseee | excellent 
application of acid | living | j 
| (¢ ) | vigor 
} °* | @ 
Lanolin ( ° | 63.2 | 30.0% 
emulsion. .| {100 mg./I. 72.2 | 32.8" 
| soo mg./I. | 73521 | 25-2" 
| 
f ° 58.0 | 12.5 
Vapor 40.4 mg./cu. ft. | 69.2 | 24.5* 
\o.6 mg./cu. ft. | “‘7gvot | “agz0" 
| 
° | 42.2f | 10.8 
Aerosol. 40.4 mg./cu. ft. | 68.2 | 30.5* 
o.6 mg./cu. ft. | 78.2* | 40.0* 








* Benefits significant at 1% level. 
t Benefits significant at 5% level. 
t Harmful effects significant at 5% level. 


date, 79.2% of the early planted seed- 
lings showed good foliage development 
(ten or more well-developed leaves per 
plant) as against 55.6% for the later 
planting. These differences in height and 
foliation are statistically significant at 
the 1% level. 

LOBLOLLY PINE.— Measurements were 
made of the lengths of terminal buds on 
all loblolly pine seedlings 3 and 4 days 
after the first and second plantings, re- 
spectively. Planting dates had a highly 
significant effect on bud elongation dur- 
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ing storage. Mean terminal bud length in 
the May 12 planting was 0.83 inch and in 
the May 25 planting, 0.94 inch. The 
mean difference of 0.11 inch is significant 
at the 1% level. The growth-regulator 
treatments, except for the high-level va- 
por, did not retard bud elongation in 
storage in any consistent manner (table 


TABLE 3 


EFFECTS OF PRE-STORAGE TREATMENTS WITH 
NAPHTHALENEACETIC ACID ON MEAN 
LENGTH AND VIGOR OF TERMINAL SHOOTS OF 
LOBLOLLY PINE SEEDLINGS. BASIS: 200 SEED- 
LINGS PER MEAN (BOTH PLANTING DATES 
COMBINED) 











Meee sa 
terminal wah ie 

Method of Concentration bad orous 
application of acid “ terminal 

length iol 

(in.) (%) 

0 
—--- | 

Lanolin ° | @:gr 66.5 
emulsion. .| {100 mg./1. |  .go 41.0* 
500 mg./lI. .89 6 

; { o .93 63.0 
Vapor...... | 0-4 mg./cu. ft. .88 79.0f 
| (o.6 mg./cu. ft. .79¢ | 78.ot 
( ° .81f | 80.5§ 

Aerosol . 40.4 mg./cu. ft. .93 70.0 

(0.6 mg./cu. ft. | 0.92 64.0 











* Harmful effects significant at 1% level. 
t Vigor benefits significant at 5% level. 

} Inhibiting effects significant at 5% level. 
§ Vigor benefits significant at 1% level. 


3). The apparent retardation in the 
aerosol-o lot may represent chance vari- 
ation or possibly indicates inhibitory 
effects of the carrier which were neutral- 
ized or counterbalanced in the other two 
lots by possible stimulating action of the 
growth-regulator. 

The number of seedlings showing 
vigorous growth of terminal buds a few 
days after planting was not affected by 
planting date. The chemical treatments, 
however, exerted some marked effects on 
bud vigor (table 3), the acid in emul- 
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sions being injurious, the other treat- 
ments being either neutral or in some de- 
gree beneficial. 

Survival of loblolly pine seedlings was 
recorded on May 16, June 29, and No- 
vember 6, 1944, and on June 19, 1945. 
Although survival was less for each suc- 
ceeding tally, treatment relationships un- 
derwent no substantial changes; hence, 
results of only the last observation are 
discussed. 

During the month of May when the 
plantings were made, the rainfall was 
nearly 2 inches below, and the mean 
temperature was 6.0 F. above, the 35- 
year average. These abnormally dry-and- 
hot weather conditions resulted in severe 
mortality of loblolly pine. Winter mor- 
tality, though some occurred, was not 
unduly high. 

As with locust, planting dates had a 
highly significant effect on survival of 
loblolly pine. Average survival of seed- 
lings planted May 12 was 32.8%; for 
those planted May 25, 22%. The mean 
difference of 10.8% is significant at the 
1% level. 

Results of growth-regulator treat- 
ments upon survival are shown graphi- 
cally in figure 2. The most striking fea- 
ture is the highly injurious effect of the 
chemical when applied in emulsions. Re- 
sults with all other treatments were sug- 
gestive of beneficial or injurious tenden- 
cies, but only the o.4-mg. concentration 
in vapor showed enough difference from 
controls to be recognized statistically; 
that difference barely attained signifi- 
cance at the 5% level. A reasonably close 
parallel is evident between the figures on 
bud vigor (table 3) and on survival 
(fig. 2). 

By mid-May of the second season, 
mean height of seedlings in the early 
planting was significantly greater (at 
the 1% level) than in the late planting 


(10.8 vs. 9.0 in.). Accurate evaluation of 
other treatment effects on height was 
rendered difficult because of the heavy 
losses and resultant unequal weightings 
of means. The growth-regulators in 
emulsions unquestionably had retarded 
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Fic. 2.—Effect of method of application and of 
concentration of naphthaleneacetic acid on survival 
of 1-year-old loblolly pine seedlings (planting dates 
combined). Zero level in vapor series is only un- 
treated group since zero level in other two series 
represents carriers, aerosol (cyclohexanone and di- 
methylether) and lanolin emulsion, respectively. 


growth; for all other treatments no ap- 
preciable differences in growth were ap- 
parent. 


EXPERIMENT II. CONCENTRATION 
OF CHEMICAL 


The primary purpose of this phase of 
the study was to gain more precise in- 
formation on the efficacy of different con- 
centrations of naphthaleneacetic acid 
than could be drawn from the tests in 
experiment I. Methods of application 








226 BOTANICAL GAZETTE 


were restricted to dipping in lanolin 
emulsions carrying varying amounts of 
the growth-regulator. A complete series 
of treatments was applied to an early lot 
of seedlings, lifted and treated on March 
15 and 16, 1944, and to a late lot lifted 
and treated on April 22. The stock was 
1-year-old eastern red oak and 3-year- 
old red pine. For each species on each 
treatment date, twenty uniform bundles 
of twenty-five seedlings each were as- 
sembled. 

The emulsions, made as before with 
5 gm. of lanolin per liter of water, carried 
naphthaleneacetic acid in the following 
concentrations: 0, 10, 20, 40, 80, 160, 
320, and 640 mg./l. An additional emul- 
sion carrying 80 mg. of naphthaleneace- 
tic acid per liter was made up, using 5 
gm./l. of a commercial wax‘ in place of 
lanolin; this was for comparison of carrier 
effects. After the growth-regulator crys- 
tals were dissolved in 95% ethy] alcohol, 
the solution was mixed into the wax 
emulsion. The commercial wax, though 
containing an emulsifier, flocculated on 
contact with the alcohol and, like lano- 
lin, required to gm./]l. of monoethanol- 
amine stearate to bring about good dis- 
persion. A set of seedlings not treated 
with growth-regulator served as controls. 
Thus there were ten treatments in all; 
these were twice replicated for each of 
the two species for each date, making 
eighty treatment units (bundles); at 
twenty-five per bundle, the total number 
of seedlings used was 2000. 

Treatment consisted of complete im- 
mersion of bundles in the emulsions, with 
gentle agitation to assure full coverage, 
after which they were removed and al- 

4 The commercial wax was the proprietary prod- 
uct, Dowax, manufactured by the Dow Chemical 
Company, Midland, Mich. It contains a paraffin 
wax, bentonite, an emulsifying agent, and possibly 


other substances. So far as is known, its exact 
composition has not been published. 
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lowed to drain. The bundles of seedlings 
were then packed upright in boxes, with 
moist sphagnum covering the roots, and 
were placed in common storage the same 
day. The following temperatures pre- 
vailed in the storage house: March 16, 
51°; April 8, 51°; April 12, 51°; April 22, 
53°; May 10, 60°; May 22, 65°; and 
May 23, 67° F. 

On May 23 and 24 all seedlings were 
removed from storage and planted in a 
manner similar to that described for 
black locust and loblolly pine. Each of 
the two blocks in the plantation was di- 
vided into two plots to which the species 
were assigned at random. Within plots 
the twenty treatment-date combinations 
were randomized by rows. 

In comparing this experiment with ex- 
periment I, it should be noted that, al- 
though in basic design both entailed two 
lengths of storage period, that factor 
was varied at opposite ends: in the sec- 
ond experiment two lifting dates were 
employed, with planting dates in com- 
mon; in experiment I two planting dates 
were employed, with lifting dates in com- 
mon. This difference provided opportu- 
nity to determine whether the major ef- 
fects of the growth-regulator occurred in 
the early part or toward the end of the 
storage period. 


RESULTS 


EASTERN RED OAK.—On May 31, 8 
days after planting, the following rec- 
ords were made of the seedlings: (a) num- 
ber dormant, (6) number with some fully 
developed leaves, and (c) the total length 
of all shoots per seedling. Each of these 
criteria served as a rough measure of the 
inhibiting effects of naphthaleneacetic 
acid concentrations on shoot develop- 
ment. 

Treatment date definitely influenced 
both the numbers of dormant seedlings 
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and the total shoot lengths. The mean 
percentage of seedlings dormant in the 
lot treated March 16 was 7.8; in the April 
22 lot, 20.4. Similarly, the mean total 
lengths of shoots for the two treatment 
dates were 6.4 and 4.7 inches, respective- 
ly. Both differences were significant at 
the 1% level. These results appear to 
have been induced by two factors: (a) the 
direct effects of date at which the stock 
went into storage and (6) the increasing 
sensitivity of the plants to growth-regu- 
lator with approach to the date for nor- 
mal revival of spring growth. Date of 
treatment had no significant effect on 
initial leaf development. 

The effects of the various concentra- 
tions of naphthaleneacetic acid on 
growth, as indicated 8 days after plant- 
ing, and on survival 1 year later, are sum- 
marized, with treatment dates combined, 
in table 4. The two highest concentra- 
tions definitely delayed break of dor- 
mancy and inhibited growth (fig. 3) ac- 
cording to all criteria listed; differences 
from untreated controls were all highly 
significant statistically except for leaf de- 
velopment with the 320-mg. concentra- 
tion. Effects of the intermediate and low- 
er concentrations, except the o level, 
were somewhat erratic, with inhibitory 
tendencies generally showing in the data 
on leaf and shoot development but not in 
the data on dormancy. In fact, the dor- 
mancy data alone suggest stimulatory 
effects from the lower concentrations. 
Results with the lanolin-80 treatment 
were particularly suggestive of stimu- 
lation. 

Survival 1 year after planting was 
somewhat better for all naphthaleneace- 
tic acid treatments than for untreated 
controls, except for the 640-mg. concen- 
tration (table 4); for four treatments the 
increases in survival were significant. In 
view of their originally strong inhibiting 


effect, it is of interest that the two high- 
est concentrations of the acid caused no 
appreciable mortality. Date of treat- 
ment had no significant effect on sur- 
vival. 

Treatment dates, however, did affect 
seedling vigor, at least in so far as vigor 
was expressed by foliage development. 





Fic. 3.—Effect of naphthaleneacetic acid on 
1-year-old eastern red oak seedlings held in com- 
mon storage from April 22 to May 23, 1944: left, 
untreated seedlings; right, entire seedlings dipped 
before storage into 0.5% lanolin emulsion containing 
640 mg. of acid per liter. Seedlings completely 
dormant when placed in storage. Note proliferation 
of new roots from treated stock. Photo taken May 
23, 1944. 


Seven weeks after planting, the number 
of vigorous leaves per seedling was sig- 
nificantly greater (at the 1% level) for 
the April 22 treatment than for the 
March 16 series, and 52 weeks after 
planting the same highly significant dif- 
ference still prevailed. Thus the greater 
degree of inhibition in storage associated 
with the later treatment presaged a high- 
er degree of vigor after planting that 
carried over at least into the second year. 
This accords with the generally accepted 
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principle that for best results seedlings 
should be dormant, or essentially so, 
when transplanted. The interesting point 
is that the difference in degree of dor- 
mancy associated with the two treat- 
ment dates resulted in persisting differ- 
ences in vigor of growth, even though not 
registering in terms of survival. It lends 
emphasis to the frequently ignored fact 
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results, the effects of date of treatment 
were opposite for red pine and red oak. 
However, this species difference appar- 
ently is merely a reflection of differing 
degrees of sensitivity and not a basic 
difference in nature of the reaction to the 
chemical. The difference in sensitivity 
may, at least in part, be a matter of 
proximity to the date for normal break- 


TABLE 4 
EFFECT OF PRE-STORAGE TREATMENTS WITH VARIOUS CONCENTRATIONS OF 
NAPHTHALENEACETIC ACID ON SHOOT DEVELOPMENT AND SURVIVAL AFTER 
PLANTING OF EASTERN RED OAK SEEDLINGS. BASIS: 100 SEEDLINGS PER MEAN 
(MARCH 15 AND APRIL 22 TREATMENTS COMBINED) 



































‘ ime | — 
May 31, 1944 | 
, | | 
CONCENTRATION De c | May 30 
can Seedlings 
TYPE OF jOP NAPHTHALENE-| (, jae | Mean | 1945, 
Completely | with some | | E 
EMULSION ACETIC ACID | |} total length| suRvIVAL 
dormant fully de- : | aa 
(mG./L.) ; | of seedling | (%) 
seedlings veloped 
Pre shoots | 
(%) leaves (in.) | 
(%) 
Ss Li wa i 7 ooo 
eer ee Untreated 12.0 51.0 | 7.1 26.0 
control | 
PERAOUD oa oss ovis ce ° 5.0 63.0 | 7.6 | 30.8 
Lanolin. “Moe se 10 4.0 37.9 | 6.4 | 38.8 
Lanolin. . .. aia 20 6.0 50.0 | 6:4 |  g228" 
Lanolin ee ee 40 | 5.0 46.0 | 6.1 | 48.0* 
Lanolin.... Ae 80 3.0T 67.0 6.2 | “42:0 
Gomm: wax........ 80 | 8.0 42.0 sot | 54-0" 
Lanolin. . eee 160 10.0 41.0 5.49 | 56:0" 
Lanolin as 320 | 31 -O8 45:0. | 3:72 | 38.0 
Lanolin....... Res 640 | 57.08 14.08 | 1.48 | 24.8 
| 





* Survival benefits significant at 5% level. 
t Growth stimulation significant at 5% level. 


that differences between treatments in 
planting experiments often cannot be 
evaluated adequately by merely record- 
ing survival or mortality. 

RED PINE.—Records were limited to 
a single tally of survival on June 30, 
1944, because heavy mortality (untreat- 
ed controls 59.2%) rendered further ob- 
servations useless. 

Treatment dates had a highly signifi- 
cant effect. The survival of seedlings 
treated on March 16 was 18.6%; of those 
treated on April 22, 7.6%. Thus, in final 


t Growth inhibition significant at 5% level. 
§ Growth inhibition significant at 1% level. 


ing of dormancy rather than inherent 
species characteristics (i.e., red pine nor- 
mally renews growth early in the spring 
whereas the oaks are relatively late). 
With the oak, treatment resulted in a 
beneficial degree of growth inhibition in 
storage and more vigorous growth after 
planting; with the pine, buds were elon- 
gating by the later date and in such a 
state of tenderness that effects of the 
chemical exceeded mere inhibition to the 
point of intury. 

The effects of all naphthaleneacetic 
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acid treatments, except at 20 mg./l., 
were distinctly harmful to red pine, the 
three highest concentrations causing 
complete mortality. 


Discussion 

The principal objective in treating 
forest planting stock with growth-regu- 
lating substances before or in storage is 
to facilitate holding the stock dormant 
and without deterioration. Delaying the 
break of dormancy is a requisite of suc- 
cessful storage because, with routine 
forest planting practices, most species 
will not satisfactorily survive transplant- 
ing unless the stock is either fully dor- 
mant or but little advanced beyond that 
state. Though survival is the first criteri- 
on of success in planting, subsequent 
growth and vigor also are important 
considerations that may be influenced by 
storage treatments or conditions. 

In this study involving only unrefriger- 
ated storage, both storage periods and 
naphthaleneacetic acid treatments af- 
fected seedling survival and growth, but 
the effects of storage periods were gen- 
erally more pronounced. Black locust 
and loblolly pine deteriorated consider- 
ably in storage, especially during the last 
2 weeks of a storage period extending into 
the warm weather of late May. Inasmuch 
as storage periods for these two species 
were varied only through different ter- 
mination dates (not beginning dates), 
the tests with them unfortunately in- 
volved some confounding of effects of 
date of planting with the deteriorative 
eflects of storage. However, even freshly 
lifted locust obviously could not have 
survived much better than the locust 
stock of the shorter storage period, since 
the latter averaged over 90% survival in 
an abnormally dry summer. The forma- 
tion of large numbers of spindly shoots 
in the late-planted lot, and its much 


poorer survival (76%) and growth must 
be charged, therefore, largely against de- 
terioration in storage. Freshly lifted lob- 
lolly pine from the same lot as used in 
this study, planted in an adjacent block 
on April 14, showed an average survival 
of 54% at the end of the first growing 
season. Corresponding values for the 
stored stock in the present test were 50 
and 24%, respectively, for the shorter 
and longer periods. Thus practically all 
the deterioration in loblolly pine, as in 
locust, apparently occurred during the 
last 2 weeks of storage, when tempera- 
tures in the storage room ranged _ be- 
tween 60° and 67° F. 

Effect of length of storage period can 
be evaluated somewhat better for red 
pine and red oak, since with these spe- 
cies there was no confounding with 
planting date. Particularly for oak, 
growth in storage tended to be less and 
subsequent field performance better with 
shorter than with longer storage. How- 
ever, inasmuch as seedlings of these spe- 
cies were treated on the different dates 
on which they were put into storage, 
some confounding of effects again was 
introduced between storage periods and 
condition of stock when treated. In gen- 
eral, the latter factor seems to have been 
more important than length of storage. 
Both species had become more sensitive 
to the acid by the time of the later treat- 
ments on April 22. The pine buds were 
swelling and were so tender that the seed- 
lings suffered considerable injury, result- 
ing in higher mortality after planting 
than was shown in the series treated 
earlier. The red oak, on the other hand, 
had by the later date become more sensi- 
tive only to the extent that the treat- 
ments were more effective in inhibiting 
subsequent growth in storage, and, in 
consequence, displayed greater vigor after 
planting in the field. The difference in 
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reaction to treatment was not great 
enough to affect survival). 

Response to naphthaleneacetic acid 
varied with species, ranging from defi- 
nite injury to significant benefits. The 
pines were generally more susceptible to 
injury than the hardwoods. Practically 
all emulsion-dip treatments, in particu- 
lar, were injurious to both loblolly and 
red pines. The fact that, with the pines, 
foliage as well as woody portions were 
treated probably accounts in part for the 
differences in severity of effects between 
the two types of stock. These findings 
are in general agreement with those of 
Ostrom (6), who found that growth- 
regulator treatments effectively retarded 
break of dormancy of white ash held in 
unrefrigerated storage but lowered the 
survival of loblolly pine. 

MARTH (5) found vapor treatments at 
0.3 and 0.4 mg./cu. ft. and sprays at 
0.01% (100 mg./l.) to be the most effec- 
tive concentrations for delaying the 
break of dormancy in roses. In the pres- 
ent study vapor applications of naph- 
thaleneacetic acid at 0.4 mg./cu. ft. 
were significantly beneficial and emul- 
sion-dip applications at 100 mg./l. were 
significantly harmful to loblolly pine. 
However, red oak, after emulsion-dip 
applications of 20, 40, 80, and 160 mg./I., 
showed significantly higher survival than 
the controls; even with the 640 mg./I. 
treatment survival was not significantly 
lowered. With red pine, on the other 
hand, all emulsion-dips except those 
carrying o and 20 mg./I. of growth-regu- 
lator were significantly injurious. 

These experiments obviously are not 
adequate as a basis for making practical 
prescriptions for nurserymen. They do, 
however, indicate that, with perfection 
of details of application technique and 
timing for different speties, pre-storage 





[DECEMBER 


treatment of stock with growth-regu- 
lators has possibilities for practical use. 
They demonstrate the existence of 
marked differences in sensitivity to naph- 
thaleneacetic acid and in vulnerability 
to injury by it, as between the pines and 
hardwoods tested; these differences be- 
tween the two taxonomic groups are be- 
lieved to hold generally for other spe- 
cies. The experiments have reasonably 
well established the range of concentra- 
tions of chemical within which desired 
effects are most likely to be obtained and 
have shown something of the relative 
merits of different methods of applica- 
tion. The emulsion-dip method, for in- 
stance, which required the least in special 
apparatus, apparently is acceptable for 
treating hardwoods but is unsuited for 
use with pines. On the other hand, vapor 
and aerosol methods can be used for 
both classes of stock and, where facilities 
are available, probably are to be pre- 
ferred. They permit more precise control 
over intensity of treatment than dips; 
in the latter, intensity is contingent upon 
the amount of chemical adhering to the 
plant and the length of time its potency 
is retained. 

The marked stimulation of growth of 
new roots in red oak during storage (fig. 
3)—and similarly of white ash (6)—sug- 
gests that the methods here employed for 
applying growth regulators might prove 
superior to conventional root-soaking 
treatments as a pre-planting measure 
apart from storage. The increased forma- 
tion of root primordia resulting from 
treatment should materially improve 
chances for establishment of newly plant- 
ed seedlings. Such treatment would ne- 
cessitate proper timing so that, if storage 
were involved, planting would be finished 
before new roots had made enough 


growth to be susceptible to breakage. 
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Summary 


1. Experiments involving methods of 
application and various concentrations 
of naphthaleneacetic acid, applied as 
pre-storage treatments to prolong dor- 
mancy and lessen deterioration of forest 
planting stock in unrefrigerated storage, 
were Carried out on two hardwood and 
two pine species. Black locust and lob- 
lolly pine were treated with medium and 
relatively high concentrations of the 
chemica) by three methods: exposure in 
a closed chamber to vaporized acid, to 
the acid dispersed in an aerosol mist, and 
by dipping the plants into lanolin emul- 
sion in which the acid was dispersed. 
Eastern red oak and red pine were used 
in a test of eight different concentrations 
of the acid, applied only by the emulsion- 
dip method. Following 5-10 weeks’ stor- 
age, the stock was planted in the field for 
observations on surviva) and vigor of 
growth. 

2. Response to the treatments varied 
widely by species, ranging from signifi- 
cant benefits to distinct injury. The pines 
were much more vulnerable to injury 
than the hardwoods. 

3. Main effects evident upon removal 
of the stock from storage were as follows: 
(a) With black locust, shoot elongation in 
storage was inhibited by both medium 
and high concentrations of the acid in all 
methods of application. (2) With loblolly 
pine, shoot elongation was inhibited by 
the higher concentration of acid applied 
in vapor form. Effects of other methods 
and concentrations on shoot elongation 
were either insignificant or erratic. How- 
ever, the percentage of seedlings display- 
ing apparently vigorous buds about a 
week after planting was increased by both 
levels of vapor treatment, by the lower 
level of acid in aerosol, and by aerosol 
alone, whereas the acid-emulsion treat- 
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ments resulted in definitely lessened bud 
vigor. (c) With eastern red oak, shoot 
elongation was inhibited by all emulsions 
carrying 160 mg. or more of acid per liter. 
Concentrations of 80 mg. or less tended 
to hasten the break of dormancy slightly 
but did not result in any greater average 
shoot length than that displayed by un- 
treated controls. (d) With red pine, shoots 
were not inhibited except as a corollary 
of injury. 

4. Main effects evident after outplant- 
ing the stock in the field were: (@) With 
black locust survival was not affected by 
the chemical treatments, but vigor and 
survival of spindly shoots developed in 
storage generally were greater in treated 
seedlings than in controls. (6) With lob- 
lolly pine survival was generally im- 
proved by treatment with the acid in 
vapor form and at the lower concentra- 
tion in aerosol, but only with the lower 
concentration of vapor was the increase 
statistically significant. Both acid-emul- 
sion treatments were injurious, resulting 
in greater mortality than among controls 
and in retarded growth of survivors 
However, the early indications of en- 
hanced bud vigor in the vapor and aero- 
sol series were not evident in greater 
height growth after planting. (c) With 
red oak survival was generally better for 
all levels of acid-emulsion treatment 
except the highest, which fell slightly be- 
low controls. For the 20, 40, 80, and 
160 mg./l. concentrations of acid, the 
increase in survival was statistically sig- 
nificant. No differences in vigor due to 
chemical treatments were apparent. (d) 
With red pine survival was significantly 
less than for controls with all treatments 
except 20 mg./|. and lower concentrations 
of acid, which caused no marked reaction. 

5. In general, all species exhibited sig 
nificantly more growth and greater sur- 
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vival when planted after shorter (5-6 
weeks) than after longer (8-10 weeks) 
periods of storage. For red oak, by excep- 
tion, survival was not appreciably af- 
fected by storage period, though in vigor 
of growth this species concurred with 
the general trend. Even with the most 
effective treatments, dormancy was not 
adequately maintained over the longer 
periods, and some additional deteriora- 
tion apart from breaking of dormancy 
apparently occurred. 
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6. These preliminary experiments in- 
dicate that, with additional experience 
and improvements in treatment tech- 
niques, naphthaleneacetic acid and prob- 
ably other growth-regulator chemicals 
may have practical value for prolonging 
the period over which stock can be held 
in common storage without loss. Present 
results, however, offer no promise that 
growth-regulators can supplant refrigera- 
tion when storage for more than 1 or 2 
months is required. 
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VOLUMETRIC STUDIES OF 


SEEDS, ENDOSPERMS, AND 


EMBRYOS IN PINUS PONDEROSA DURING 
EMBRYONIC DIFFERENTIATION 


JOHN T. BUCHHOLZ 


Introduction 

[extensive investigations on the seeds 
of Pinus ponderosa during their develop- 
ment were undertaken in 1942 in order 
to obtain more accurate information con- 
cerning size relationships in the normal 
schedule of embryonic development. It 
was believed that a comparison of the 
embryogeny in large versus small seeds 


might shed some light on the function of” 


the suspensor, since large seeds would 
provide more space for fhe elongation of 
this member. Such a study could also 


show whether morphological and ana- 
tomical differences exist between devel- 
oping embryos of seeds of various sizes. 

In mature ponderosa pine seeds the 
embryo represents about 10% of the 
whole seed volume and approximately 
5% of the weight. However, at the stage 
during which the stem tip and cotyledons 
are differentiated, the embryo constitutes 
less than 0.5% of the volume of the seed. 
Thus the question arises: Does the young 
embryo begin to differentiate its organs 
at a size which is more or less constant— 
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an embryo of fixed volume—or does it 
differentiate only at a size which is close- 
ly related in some proportion to the size 
of the endosperm and seed? 

The pine seed reaches its full size 
about the time of fertilization, which is 
more than a month earlier than the 
stages that are concerned with differen- 
tiation of the embryo. The changes in- 
volved during hardening of the seed coat 
do not increase the seed size. The seed in 
which fertilization failed to take place, 
or in which the embryo subsequently 
died, remains fully as large as a normal 
seed. 

The trees which furnished the cones 
were all open wind-pollinated forest 
trees. Some ovules contain embryos re- 
sulting from self-pollination; others, from 
cross-pollination. Cross-pollination might 
represent combinations of diverse bio- 
types found within the species. On the 
whole, it is to be expected that the net 
result from wind pollination would tend 
to maintain the population in hetero- 
zygous condition, for even self-pollina- 
tion in any particular seed would be like- 
ly to combine one of a variety of pairs of 
gametes in the zygote. 

There is the possibility that differences 
in the embryos among seeds of a given 
size might be due to heredity. However, 
differences in heredity may be condi- 
tioned by the internal environment with- 
in the seed. Thus, if the mean sizes of the 
embryos are computed for each size 
class of seed, individual hereditary dif- 
ferences would tend to cancel out, and a 
close approach to the net effect of the in- 
ternal environment of the seed could be 
obtained from the means of sufficiently 
large frequencies in each class. 


Material and methods 


The details concerning source, method 
of collection, and cone size, together with 


a record of the mean sizes of the embryos 
of various stages dissected from seeds of 
various sizes, have been given elsewhere 
(4). The present study is a continuation 
of this type of investigation on one of 
these trees more intensively and with 
several refinements of method. 

In order to obtain embryos in all 
stages in the seeds of nearl all available 
sizes, collections from tree 3-38" were 
made separately on August 5, 8, and 12, 
approximately 6 weeks before seed mat- 
uration. From this tree, on which the 
present data are based, over 1100 seeds 
were obtained. None of the smallest- 
sized class of seeds (no. 11) contained em- 
bryos. The classes of seed size are given 
in the earlier paper (4). More than 150 of 
the seeds that appeared 
shriveled contents. 

In the present investigation, the vol- 
umes of the seeds, after sorting by sieves 
(4), were measured by liquid displace- 
ment before dissection. Similarly, follow- 
ing seed-coat removal, the volume of the 
endosperm was measured for each indi- 
vidual seed by liquid displacement in a 
capillary tube. Finally, the embryos were 
dissected out and their volumes were 
computed from measurements of embryo 
length and diameter, as defined in earlier 
papers (3, 4), by the formula (md*/4)l. 
Embryos of stages VI-VIII (see 3 for 
definition of stages) were measured for 
total length and for length of the em- 
bryo axes ending in the plumule pri- 
mordium. The latter could be done by 
breaking away several cotyledons to ex- 
pose the shoot tip to view. 

The seeds of the most frequent size 
classes were not all dissected. These 
groups had been most thoroughly sam- 
pled, and continuation of dissection was 


sound had 


* The designation 3-38 refers to the tree P-Eld-3- 
38 of the Institute of Forest Genetics in Placerville, 
Calif. 
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deemed unnecessary. However, the 632 
embryos which were dissected out con- 
stitute a population three times as large 
as any of the samples previously ob- 
tained. Embryos in all important stages 
from seeds of varying sizes were thus pro- 
vided. Upon dissection, the stage of de- 
velopment of the largest embryo in each 
seed was noted, as well as that of the sec- 
ond largest, and the number of cotyle- 
dons was recorded. 


Investigation 


The duration of embryonic selection 
in the pine extends for more than a 
month. During this period of develop- 
ment the only change that may be recog- 
nized in the embryo complex is a very 
gradual increase in the size of the em- 
bryos, especially of the largest one, which 
usually assumes a dominant position at 
the forward end of the group. 

The embryos are only slightly devel- 
oped during this time of competition. 
There is a polarity indicated by the dif- 
ferentiation between the suspensor sys- 
tem and the meristematic cylinder borne 
on the end of the suspensor in each em- 
bryonic unit. The suspensors are derived 
from the elongation of successive layers 
of cells cut off previously by the em- 
bryos. Thus each embryo spins out its 
own suspensor which continually sub- 
tracts cells from the increasing volume of 
meristematic cells of the embryonic cyl- 
inder. The embryo adds unicellular ele- 
ments (embryonal tubes) to the suspen- 
sor at first. Later the multicellular sec- 
ondary suspensor (of numerous parallel 
embryonal tubes) is elaborated. Thus the 
struggle between embryos becomes one 
of competition in the rate of growth due 
(a) to elongation of suspensor tissue and 
(b) to meristematic increase of cells in the 
respective embryos. « 

About 2 weeks after fertilization an 





[DECEMBER 


embryo emerges from the complex in a 
dominant position. Its cylinder of meri- 
stem enlarges gradually despite rapid 
development of its suspensor. The twists 
and coils appearing in the suspensor com- 
plex dislocate the orientation of embryos 
in secondary positions. Snags or spurs of 
embryonal tubes belonging to the sus- 
pensor of the largest embryo ensnare 
smaller embryos and push them back 
toward the micropyle. In this way, about 
5 weeks after fertilization, the largest 
embryo—usually in terminal position in 
the complex—begins its differentiation 
(fig. 1). 

The embryos that are left behind in 
embryonic selection within each seed 
usually fail to develop beyond this stage. 
Most of them remain much less de- 
veloped. The data of this study indicate 
that the second largest embryo in a seed 
rarely exceeds stage II in size, even when 
it persists to seed maturity. 





DIFFERENTIATION OF EMBRYO 


After the period of embryonic selec- 
tion, differentiation of the dominant em- 
bryo progresses with considerable rapid- 
ity. Although internal differentiation oc- 
curs earlier, there is no outward criterion 
until stage III is reached, when the pri- 
mordium of the shoot tip appears (figs. 
1, 2). The primordium is a special meri- 
stematic area at the tip of the larger em- 
bryonic cylinder. In dissected embryos 
the plumule primordium is a very con- 
spicuous area which appears more trans- 
lucent, probably owing to the character 
of the vacuoles and other cell contents 
and to the lack of intercellular air spaces 
within this tissue. 

The embryos in seeds within the same 
cone or other cones of a given tree will 
not be found in the same stage of devel- 
opment 5 weeks after fertilization. Those 
whose growth has been most rapid may 
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be in an advanced stage of development, 
with their cotyledons already formed and 
well elongated, while others may still fail 
to show the shoot-tip primordium. 
Chronologically, they are of the same 
age, since fertilization takes place in all 
ovules of a cone within a few days. It was 





Fics. 1-2. 
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DURATION OF STAGES 
The time intervals between stages 
have been calculated in the embryos of a 
few trees of P. ponderosa. The rapidity 
of growth was quite marked. Two col- 
lections were made 4 days apart from tree 
3-14 and were used in an analysis that 


Cae 


Fig. 1, dissected embryonic system of Pinus banksiana, showing dominant embryo advanced 


to stage III while other embryo units are being suppressed. X 25. Fig. 24, B, longitudinal sections of pine 
embryo (Pinus banksiana) in stage III, at the time when shoot tip is differentiated. Note internal differenti- 
ation of small spherical meristematic mass (marked in 2B), from which will develop shoot and root of mature 





embryo. Larger portion below is root cap and suspensor. X 80. 


necessary, therefore, to define a series of 
morphological growth stages for the em- 
bryo which were designated by the 
Roman numerals I-VIII. These stages 
were described elsewhere (3). It may be 
recalled here that the origin of the 
plumule apex occurs in stage III (see 
figs. 1, 2) and that the cotyledonary 
primordia arise in stage IV (figs. 3, 4). 
Figures 5 and 6 show stage V. 


would indicate the duration of the stages. 
Seventy-eight per cent of the embryos 
were in stages I-IV on August 1 and only 
30% on August 5; 22% were in stages V 
VIII on August 1 and 70% on August 5. 
Table 1 indicates the frequencies and 
percentages of embryos in different 
stages on these two dates. 

With the aid of table 2, it is possible, 
using the percentages given in table 1, to 











Fics. 3-6.—Dissected embryos of Pinus ponderosa. X15. Fig. 3, stage IV from no. 13 seed with endosperm 
volume of 20 cu. mm. Relatively small plumule primordium surrounded by eight cotyledons. Fig. 4, stage IV 
from large no. 18 seed with endosperm volume of 50 cu. mm. Relatively large stem-tip primordium surround- 
ed by primordia of fourteen cotyledons. Larger throughout than embryo in figure 3. Fig. 5, stage V from no. 
13 seed with endosperm volume of 24 cu. mm. The seven cotyledons equal in length to plumule primordium. 
Fig. 6, stage V from no. 17 seed with endosperm volume of 45 cu. mm. Large stem tip now obscured by thir- 
teen cotyledons of approximately its length. Smaller embryos eliminated in embryonic selection may be 
seen below, where they were pushed back by massive suspensor of large embryo. 


TABLE 1 


AMOUNTS AND PERCENTAGES OF EMBRYOS IN DIFFERENT STAGES OF 
DEVELOPMENT ON AUGUST 1 AND 5 (TREE 3-14) 





| 
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estimate the rate of progress in growth 
stages passed through during the 4-day 
interval. Thus, the 2% of the embryos in 
stage I and one-fifth of the 25% of the 
embryos in stage II on August 1 re- 
mained unchanged on August 5, indicat- 
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those collected on August 8. However, it 
was possible to use the data by adding to- 
gether the seeds of August 5 and 8 and 
comparing them with the collection of 
August 12, some of which were dissected 
on August 13. The mean time between 


TABLE 2 


PERCENTAGE CHANGE IN STAGE DURING FOUR-DAY INTERVAL 























DATE OF STAGE 
COLLECTION I Il 1% IW Vv VI VII VIII TOTAL 
AUGUST 1 2 25 33 18 18 O 4 0 100 
ESTIMATED SHIFTS 
THROUGH = 3, 2, 
1, OR 0 3 13 \ 11 4 
STAGES 2 5 4 16 17 13 : 7 
| avauet 5 2. 5 4 19 #17 26 ~~ 16 11 100 














ing that these are stages of long dura- 
tion. The following calculation was used 
to derive the approximate rate of change 
in stage per embryo: 
Growth changes through three stages: 
77S 89 . 
Growth changes through two stages: 
11+ 13+17+ 16= 


Growth changes through one stage: 


25 embryos X 


57 embryos X 2 = 


collections was 6-63 days, giving a rate 
of 0.47 stage per day for a 63-day period 
and 0.52 stage per day for a 6-day in- 
terval. 

75 changes in stage. 


_ = 
es 


114 changes in stage. 


4+3+4 = 11embryos X 1 = 11 changes in stage. 
No change in stage: 
2+5 = 7embryos Xo=_ ochange in stage. 
Total 1oo embryos with 200 changes in stage in 4 days, 
or 100 embryos with 50 changes in stage in 1 day, 


or 


It is possible that the stages are passed 
through more rapidly than the above 
rate. The seeds of another tree, 3-57, 
were collected at an interval of only 1 day. 
This tree had relatively fewer embryos 
in stages I and II; hence the rate of change 
of stage was more rapid, being more nearly 
two-thirds stage per day. The seeds of 
tree 3-38 were collected on August 5, 8, 
and 12, but the seeds of August 5 were 
not all kept accurately separated from 


3 change of stage per embryo per day. 


The large number of seeds from tree 
3-38 made it possible to compare the in- 
tervals between embryonic stages sepa- 
rately in seeds of different sizes. It was 
found that the rate of change in stage 
was 0.57 stage per day for no. 17 seeds, 
0.54 stage per day for no. 16 seeds, 0.62 
stage per day for no. 15 seeds, 0.42 stage 
per day for no. 14 seeds, and only 0.35 
stage per day for no. 13 seeds. Thus it 
appears that the embryos of seeds of 
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average size (no. 15) grow most rapidly 
and that the embryos in the smallest 
seeds develop much more slowly. The 
slower rate of growth in the largest seeds 
might be due to the greater expenditure 
of tissue in suspensor formation and to 
the fact that the embryos must grow 
larger before differentiation. It should be 
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rate of o.5 stage per day) is used for con- 
venience in discussion in the following 
pages. 


EMBRYO SIZE IN RELATION TO SIZE OF 
ENDOSPERM AND SEED 


Table 3 shows results of measurements 
made on embryos, endosperm, and seeds 


TABLE 3 
EMBRYO LENGTH AND DIAMETER IN RELATION TO SIZE OF SEED, VOLUME OF ENDOSPERM, 























AND STAGE OF DEVELOPMENT FOR 632 SEEDS* 










































































| : 
Stace I Stace II Stace III STAGE IV STaGE V 
SEED | ENDosPERM eM ke : wate i a 
CLASS (VoL. cc.) | | | | | | 
| s}a]elsta}ulstals lala sla|s 
ra; -+s+.[ 0,018 2| 206] 270 2| 352) 614 4\ 308) 738 4 582] 1444 1) 775\ 1906 
13 | -©23 | 11} 232) 333 | 9] 377) 599 | 7| 457] 911) 16) 624) 1421) 6) 768) 1048 
14 .029 10] 252] 378 8) 375) 697 a 466} 958) 30 629) 1463) 6) 770 1891 
15 -035 | 19} 249] 346 | 23) 396) 634 | 27) 497) 983) 54) 667) 1471 17| 838] 2042 
16 .040 9| 245] 388 | 10) 403) 654 | 14} 536) 1017] 19) 682) 1480} 22) 851) 2161 
17 | .040 8 251) 346 | 15| 431] 699 | 13 528) 1089} 16) 715| 1632] 14| 922] 2132 
18 G52) Aosds es: oe oe | Rs (an 4 620 1250] 5) 740) 1659] 1} 946) 2294 
Mean total | bc eenoes 6) 245| 353 67| 400) 655 | 91] 498 993} 44 662) 1492| 67] 847] 2080 
| | : 
TABLE 3—Continued 
| STAGE VI | Stace VII | Stace VIII 
SEED | ENDOSPERM |____ io, | 
CLASS | (VOL. cc.) | | | | 
|] a | tot | ox | f | @ | tot | axt 7 d | tots | axl 
a =a SSE (eel —_—|——— -— |---| |, — rene Per" 
13 0.023 4| 798 | 2352 | 2239 |.. | Sr errs Rr are Sees reer! ene 
14 .029 Ms a Mec Iie all A PS (aren (Pee pare ee Ree ers 
15 .035 15| 1023 | 3025 | 2813 | 13| 1216 | 4249 | 3663 | 22| 1446 | 5322 | 4232 
16 .040 28} 1050 | 3097 | 2860 | 11] 1230 | 4394 | 3768 | 27| 1448 | 5529 | 4342 
17 .046 18] 1114 | 3221 | 2969 | 12| 1287 | 4408 | 3788 | 31 1548 | 5535 | 4409 
18 |} 0.052 2} 1023 | 3054 | 2806 II) 1316 | 4544 | 4041 | 8} 1629 | 5725 | 4478 
Mean total. ] eS irae | 69| 1040 | 3055 | 2827 | 47] 1282 | 4391 | 3808 | a 1475 | 5444 | 4370 
| ae 


* Diameter of embryo is d, frequency is f; / is length in first five stages. In last three stages, ax. is length of axis alone, and 





tot.l is over-all length including cotyledons; lengths and diameters are given in microns. 


noted that embryos of the largest seeds 
differentiate only after the embryonic 
cylinder has become considerably larger 
than in those of average size (compare 
fig. 3 with fig. 4 and fig. 5 with fig. 6). 
There are evidently some variations 
the intervals between embryonic 
stages, but an interval of 2 days (at the 


in 


and includes all stages that were dis- 
sected from twelve cones of tree 3-38. It 
is clearly indicated that the embryos of 
large seeds, at the time of stem-tip and 
cotyledon differentiation, are much larger 
than those of small seeds. 

In order to test the volumetric rela- 
tions of embryos in each stage against the 
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volumes of endosperms and seeds, the 
mean volumes of the embryo were com- 
puted for the four stages which involve 
stem-tip and cotyledon formation. These 
are shown in table 4. The best test that 
could be devised which might show a 
constancy of volumetric relations was 
that of computing the ratio of volume of 
embryo to volumes of endosperm and of 
seed. These values, in percentages, are 
entered in the appropriate columns of 
table 4. 

The embryos have a closely constant 
ratio to the size of seed and of endo- 
sperm during the stages in which shoot 


[DECEMBER 


it is also related to the volume of the 
seed. The larger embryos have larger 
shoot-tip primordia which seem to be 
proportional to the size of the embryo. 
The volume of the embryo at the time 
of initiation of cotyledonary primordia 
(stage IV) is also closely related to the 
volumes of the endosperm and seed. Al- 
though at this stage the ponderosa pine 
embryo has about two and a half times 
the volume it possessed at shoot-tip initi- 
ation, it still amounts to less than two- 
thirds of 1% of the volume of the seed 
and less than 2% of the endosperm 
volume. 


TABLE 5 


FREQUENCY OF COTYLEDON NUMBER IN EMBRYOS IN RELATION TO SEED SIZE 


CoTYLEDON NUMBER 


SEED 





SIZE | ~ x ‘ - | 


12 Bs ee en 2 a ee 
13 4 (2 | 9 7, pel |e 
14. teh oy | 13) 7 | 
rs... 2 | 20 19 {| 35 
10 4 15 10 

17 : - I 8 | 10 | 
18 Be eee i 3 


tip (stage III) and cotyledons (stage IV) 
first appear and begin to elongate. Dur- 
ing stage III the embryo constitutes only 
0.2% of the volume of the seed and 0.6% 
of the volume of the endosperm. Errors 
introduced by use of the formula for a 
cylinder, as described above, could be 
partly overcome by making corrections 
for the domed curvature of the shoot 
tip, for irregularities due to cotyledons, 
and for taper below, but these corrections 
would be nearly constant and would not 
change the relative values. 

It may be concluded that the volume 
of the embryo at the time of differentia- 
tion of its shoot tip (stage III) is closely 
related to the volume of the endosperm; 








Ir I 13 14 15 16 Mean 
ea, Cereacn: vere : ae ee 8.3 
ph Rn ces Pee eer es Cree eee 8.6 
Bertie nnlenitiecule weap icin ened ark ahha | 9.3 
26 15 I Aare er. ees 10.2 
32 34 6 | « Seaatagyvea|) geen 
8 25 16 HI Peer | sree 11.4 
5 7 3 3 2 I 12.1 


In embryos of all sizes the size of cells 
and of nuclei as seen in sections at the 
time of primordium initiation remains es- 
sentially the same. This is true in com- 
parable parts of the embryos: root-cap 
cylinder, shoot-tip primordium, or coty- 
ledonary primordia. A larger volume in 
the embryo represents a larger number 
of cells throughout all its parts, with the 
possible exception of the cotyledonary 
primordia (see below). 


COTYLEDON NUMBERS 
The frequencies of different cotyledon 
numbers in seeds of various sizes are pre- 


sented in table 5. The fact that cotyledon 
counts from the smallest seeds are based 
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upon small numbers is unavoidable, since 
these sizes of seeds were least frequent in 
the collections. In addition, because of 
the slower rate of development in these 
seeds, few were found at the stage of 
cotyledon initiation. 

A correlation between seed size, em- 
bryo size, and number of cotyledons de- 
veloped may be clearly seen from the 
data. This corroborates the results ob- 
tained earlier (4) from a much smaller 
number of seeds. It might be supposed 
that there is more room for a large num- 











known items are the period from fertili- 
zation to stage IV (approximately 35 


days), the mean axis lengths of the em- 
bryos in various stages, the 2-day mean 
interval between stages from stage II] 
onward, and the mean axis length of the 
embryo in a group of mature seeds har- 
vested from the tree 6 weeks later. 

It is evident that for a period of about 
a month following fertilization—the peri- 
od of embryonic selection—the embryos 
grow very slowly in diameter and length. 
After stage III is reached, the dominant 
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Fic. 7—Mean growth-curve of embryos in axis length for period of fertilization to maturity of seeds. 


ber of cotyledons on the shoulders of 
large embryos than on small ones. This 
would be expected if the plumule pri- 
mordium of a large embryo were larger 
than in a small embryo and the cotyle- 
donary primordia did not share propor- 
tionately in the increase in size of the em- 
bryo as a whole. 
GROWTH-CURVE OF EMBRYO 

A diagram presenting an over-all pic- 
ture of the entire program of develop- 
ment from fertilization to maturity (i.e., 
in growth in length) may be constructed 
from the data given. Figure 7 represents 
the average growth-curve for all sizes of 
embryos of tree 3-38.’ In this curve the 


?Since the smaller seeds had no embryos in the 
later stages of development (table 3), a discrepancy 


embryos enlarge rapidly (figs. 3-6). 
From stage VIII onward to the maturity 
of the seed the rate of elongation sub- 
sides and is gradually arrested. Between 
stages VII and VIII the curve falls off 
sharply only when the axis length is 
plotted. If the total over-all mean lengths 
are plotted, the height of the curve con- 
tinues to increase, owing to the addition 
of the later-developing cotyledonary 
meristem. It is clear that during the sec- 
ond portion of the period of development, 
which involves embryo differentiation, 
the curve of growth in axis length follows 
the usual sigmoid pattern. 


is introduced into these stages on the growth-curve; 
the basic trend of the curve, however, remains the 
Same, 
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Discussion 

The feature revealed by this and the 
previous study (4) which is most out- 
standing is the diversity of stages that 
may be found among embryos that are 
collected from a tree on a given date. 
The embryos are of the same chrono- 
logical age; they result from fertilizations 
that take place on the same day or with- 
in a few days. However, they are found 
to diverge as much as 9g or Io days in 
terms of the average embryos. 

A genetic variation might account for 
the difference in stage among the domi- 
nant embryos of different seeds. The 
divergence of stages could, therefore, 
represent a measure of differences in in- 
herent embryonic vigor. An embryo 
found in stage VIII 35 days after fertili- 
zation is 8 days in advance of the mean 
(then in stage IV). It is a precocious em- 
bryo from the standpoint of vigor of 
growth. An embryo from the same cone 
which is still in stage I is retarded 8 or 
more days behind the mean. It has an 
inferior performance record. The preco- 
cious embryo may be rated as growing 
at the rate of 43/35, or 123% of the aver- 
age; the backward embryo as growing at 
the rate of 27/35, or 77% of the average 
in a given cone or tree. It is possible that 
these interseminal performance records 
may hold for the growth rates that are 
observed in the same individuals after 
germination of the seeds. Such differences 
in the vigor of seedlings would be worthy 
of special attention if they could be real- 
ized in cultures of nearly mature em- 
bryos. The extremes might seem to add 
up to the kind of differences in vigor that 
have been observed between the aver- 
ages of hybrids and those of normal wind- 
pollinated progeny (3). 

It was thought that this investigation 
might uncover data which would have a 
bearing on the function of the suspensor. 
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There was never any doubt as to the im- 
portance of this organ as a weapon of 
competition during embryonic selection, 
which was pointed out previously (1, 2), 
Nothing was noted that would serve to 
alter this conclusion. 1t would appear 
that the superior embryo, which always 
has the largest suspensor, preserves a 
fine balance between meristematic ac- 
tivity in the embryonic cylinder and 
suspensor elongation. 

When comparisons were made be- 
tween large and small seeds, it was usual- 
ly found that the embryos in small seeds 
were not only smaller in volume per stage 
but that they were more retarded in the 
stages which were found. Large seeds 
yield a greater diversity of stages on a 
given date, but the most precocious em- 
bryos are usually to be found in the 
medium- and large-sized seeds only. It 
should not be concluded, however, that 
all ponderosa pine seeds in the nos. 12- 
14 group have a slow rate of develop- 
ment. This holds only for trees in which 
those sizes are smaller than the average. 
In trees in which no. 13 seeds are the 
average, that size may have the same or 
even a more rapid rate of development 
than the average size (no. 15) in tree 
3-38. 

The completion of a growth-curve 
showing the development of the embryo 
from fertilization into the maturity of 
the seed has provided an over-all quan- 
titative record of the process of seed de- 
velopment in pines and related conifers. 
Many features now become more clearly 
apparent. 

The entire embryogeny falls into two 
periods. The early period, occupying 
from 4 to 5 weeks in medium and large 
seeds (longer in the smallest ones) is giv- 
en over to embryonic selection. Numer- 
ous embryos, still more or less undiffer- 
entiated, are engaged in an intense in- 
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ternal “struggle for existence.” Usually 
only a single embryo per seed survives 
this competition, bounding forth in a 
spurt of growth and differentiation which 
assures its success as the selected embryo 
of the seed. This occupies the second pe- 
riod of development, less than half as 
long as the first. It is not likely that the 
same mathematical equation would fit 
both regions of this curve of growth or 
that this would be required, since the 
processes of embryonic development are 
different in each period. 

The first period may be absent in an- 
giosperms which are not generally poly- 
embryonic. If such a period of delay in 
growth is present in some angiosperms, it 
may be due to a competition between 
endosperm and embryo, both of which 
result from a fertilization process. The 
writer entertains some doubt that such 
a relatively prolonged period of slow 
growth would be evident in angiosperms 
even where polyembryony is found. It 
must be remembered that the polyem- 
bryony observed in angiosperms does not 
result in the decisive selection of a single 
embryo per seed but that usually several 
embryos are matured within a seed. In 
pines, in conifers generally, and in all 
gymnosperms, the usual condition (more 
than 98%) of polyembryony is terminat- 
ed decisively in the selection of a single 
embryo in the seed. 

The correlation between seed size and 
embryo size in ponderosa pine seems sig- 
nificant. The large seeds may offer a bet- 
ter opportunity to the embryo to express 
a capacity for rapid growth in a short 
time, while the more crowded condition 
within a small seed serves to intensify 
and prolong the period of embryonic se- 
lection. Thus, in larger seeds, where 
there is less crowding among the numer- 
ous embryos and where longer suspensors 
may be produced, embryonic selection 
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may progress more rapidly and come to a 
decisive conclusion at an earlier date than 
in the smallest seeds. 

However, it is possible that the ratio 
of size of embryo to size of seed might be 
explained on a basis other than spatial 
relations of embryonic development. 
The nutritional conditions in different re- 
gions of the cone may be variable. Hence 
differences in embryo development could 
be correlated with nutritional differences 
occurring in various portions of the cone. 
It is also possible that seeds vary in their 
permeability to food materials (accord- 
ing to seed-coat thickness or to the na- 
ture of the nucellar tissue) which might 
be conditioned in association with the 
factors determining seed size. These and 
other factors may be involved which are 
beyond the scope of this study to deter- 
mine. 

Using seed size as a determinant of em- 
bryo size, it is possible to speculate on the 
factors concerned in the establishment of 
seed size. It is usually assumed that the 
pollen grains which fall on the micropyle 
and grow in the ovule furnish the stimu- 
lation for ovule development and en- 
largement. This may be expressed by the 
liberation of hormones from the pollen 
grains and tubes. If so, then the stimulus 
provided may be expected to vary owing 
to genetic differences among the pollen 
grains. It may also vary quantitatively, 
depending upon the number of pollen 
grains which give rise to active male 
gametophytes. 

There have been workers, on the other 
hand, who would relate the size of the 
ovule to other factors, independent of 
the pollen stimulus. BURLINGAME (5) 
found that ovule development in Arau- 
caria seemed to occur independently of 
pollen effect. Ovule size may be related 
to the size of the cone on which it is 
borne, the position of its own scale with- 
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in the cone (6, 8), and the vigor of the 
tree. It may also be conditioned by the 
rate of development of the female game- 
tophyte or by the hormones possibly fur- 
nished by that tissue or by the parent 
sporophyte. 

It is generally known that a large seed 
gives rise to a larger seedling at the time 
of germination than a small seed. Some 
foresters have believed that this initial 
advantage is permanent. Others have 
contended that the larger seedlings are 
not necessarily the more vigorous indi- 
viduals—that the initial advantage in 
size is only transitory. The latter belief 
has been borne out by the work of RIcHT- 
ER (7) and of the author (3) in an earlier 
paper. The discovery in pines that the 
embryos chalk up their own growth rec- 
ords through a series of easily recognized 
stages (if observed at appropriate inter- 
vals) is an important fact that has been 
hitherto neglected. It would seem to offer 
the basis for a new experimental ap- 
proach to problems of seed selection 
and improvement. 


Summary 


1. Data were obtained on the seeds, 
endosperms, and embryos from cones of 
previously described trees of Pinus pon- 
derosa. Volumetric measurements were 
made, cotyledons were counted for em- 
bryos from different sizes of seeds, and 
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the rate of growth of the embryos was 
computed. 

2. Fora period of about 5 weeks there 
is little embryonic differentiation, the 
embryos within each seed being engaged 
in a competitive struggle for survival— 
a period of embryonic selection. 

3. After the dominant embryo has 
been established, it spurts ahead in rapid 
growth and differentiates all its organs 
in a period of 10-12 days. Seed ripening 
occurs in a few weeks with little change in 
embryo size. 

4. A great diversity of stages is found 
among embryos collected on a given date. 
This makes possible a computation of the 
presumable rate of growth between suc- 
cessive collections of seeds from the same 
tree. 

5. The average rate of growth is about 
> stage per day during embryo differen- 
tiation. It is much slower in the smallest 
seeds. 

6. At the time of shoot-tip differentia- 
tion and of cotyledon initiation, the vol- 
ume of the embryo is closely related to 
the volumes of endosperm and of seed. 

7. There exists a correlation among 
seed size, embryo size, endosperm size, 
and number of cotyledons in the embryo. 
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A CYTOLOGICAL STUDY OF UROMYCES ALOES 


M. J. THIRUMALACHAR 


Introduction 

Uromyces aloés (Cke.) Magn. has been 
found parasitizing as many as seven 
species of Aloe in Africa (11) and is 
known to occur in India on Aloe vera and 
A. spicata. Only the telia]l stage was de- 
scribed in the original description of the 
species; later, by a morphological and 
cultural study, AJREKAR and Tonapy (1) 
found the presence of pycnia. They also 
observed some very interesting features 
in the germination of the teliospores 
which invited further study. It was 
pointed out, for example, that the telio- 
spore on germination puts out a promy- 
celium into which the granular contents 
of the spore migrate. The germination 
was stated to be peculiar in that the 
basidium is two-celled (rarely three- 
celled) instead of the usual four-celled 
condition. The upper cell of this two- 
celled promycelium develops a germ 
tube and functions directly as the 
sporidium. 

Experience with the cytology of rusts 
has indicated that the presence of a two- 
celled basidium is always correlated with 
some variation in the nuclear sequence. 
Further, the suppression of the develop- 
ment of sporidia and the consequent as- 
sumption by the upper cell of the promy- 
celium of the function of sporidia, would, 
if confirmed, present us with an interest- 
ing variation not usually met with in 
rusts. This problem was kindly suggested 
to the writer by Professor S. L. AJREKAR, 
to whom the author is indebted for many 
valuable suggestions. On account of the 
scarcity of specimens, the work could not 
be undertaken readily. AJREKAR, who 
first collected the rust near Telegaon, 
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Poona, was unable to collect material 
again in the same locality. Recently a col- 
lection was made by the writer near 
Kadur, Mysore State, which enabled a 
detailed cytological study. The present 
work adds cytological details and thus 
throws light on the life-cycle; it com- 
pletely confirms the findings of AJREKAR 
and Tonapy. 

MetHops.—Material was fixed in 
Karpechenko’s modification of Nava- 
shin’s fluid, and microtome sections 
8-10 wu thick were cut and stained either 
with Heidenhain’s iron-alum haema- 
toxylin or with Newton’s iodine gentian- 
violet, counterstained with light green. 
Teliospores were germinated by the 
method suggested by the writer (26). 
Gentian-violet and light-green combina- 
tions were used in most cases. 


Observations 


The rust is foliicolous and amphige- 
nous, with a yellowish ground color inter- 
spersed with concentrically arranged 
erumpent sori containing chocolate- 
brown powdery spores. The spots often 
coalesce with one another and thus 
occupy a major portion of the leaf sur- 
face. 

SPORE-FORMS 

Pycnia.—Pycnial initials are formed 
by the grouping of hyphae beneath the 
epidermis and are developed following 
sporidial infections. They are minute, or- 
ange-yellow, and concentrically grouped. 
Mature pycnia (fig. 1) are flask-shaped, 
flattened at the apex, and open out by a 
small pore formed by the rupture of the 
epidermis. There are no traces of any 





ostiolar flexuous hyphae projecting be- 
yond the pore. The pycniospores are ex- 
truded and collect in a tiny droplet of 
secreted nectar on the outer surface. The 
pycnial initials, the mycelium bearing 
the pycnia, and the pycniospores are all 
uninucleate. 

TELIA.—The telia are formed soon 
after the development of the pycnia. 
Macroscopically the telial initials appear 
on the surface of the infection patch as 
yellowish flattened pustules. These are 
sometimes formed directly after sporid- 
ial infections in an abbreviated cycle. 
Even after completion of the develop- 
ment of telia, the mycelium bordering 
the infection patch spreads toward the 
base of the leaf, developing new pycnia 
and telia. Since it does not reach the shoot 
growing-point of the host (which is at the 
base of the radical leaves), the rust does 
not become systemic. 

Sections through a young telium show 
a plectenchymatic mass of hyphae 
grouped beneath the leaf epidermis.Cells 
of the hyphae are all uninucleate. 
Toward the center of the telium pri- 
mordium and generally extending toward 
its periphery, cell fusions between neigh- 
boring cells take place. These are ef- 
fected by dissolution of the separating 
wall, either partially or completely (fig. 
2). Such types of cell fusions have been 
described in Phragmidium speciosum (7), 
in Phragmotelium mysorensis (27), and 
in Thekopsora hydrangeae (22) within the 
aecial primordia. 

Following production of the fusion 
cells, the other plectenchyma cells begin 
to disintegrate. The binucleate fusion 
cells elongate in a vertical direction, and 
each cuts off a stalk cell and a teliospore 
(figs. 3, 4). The two nuclei within the 
pedicel remain small and inconspicuous 
and finally degenerate’ prior to the ma- 
turity of the teliospore. The wall of the 
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spore thickens and turns yellowish- 
brown in color. The two nuclei fuse and 
form a single large fusion nucleus (fig. 5). 
Prior to fusion the two nuclei develop a 
characteristic structure found during the 
prophase of the mitotic division (figs. 
6, 7). This has been referred to as the 
nucleus of the expanded type by SAVILE 
(25). In the early stages following nuclear 
fusion the two nucleoli remain distinctly 
separate but finally fuse. The mature 
spore is thick-walled, with a single large 
fusion nucleus (fig. 5) and an apical germ 
pore, which in some cases is laterally 
situated. The pedicels, which are very 
long—up to 130 w—are fragile and break 
up just beneath the point of the hilum. 
Consequently, the mature teliospores are 
dispersed very much like the uredinio- 
spores of other rusts and impart a dusty, 
powdery appearance to the sorus. 

Basip1A.—The teliospores germinate 
readily without a period of rest being 
necessary. Prior to germination the spore 
coats slightly swell in water, thus reveal- 
ing the distended germ pore. The pro- 
mycelium emerges as a small papilla, 
gradually elongating in length and be- 
coming cylindrical. The granular con- 
tents of the teliospore along with the 
fusion nucleus migrate into the promy- 
celium. Unlike some of the rust species 
studied by SAvILE (25), the prophase 
stages of the nuclear divisions do not 
take place within the teliospore itself. As 
a result of two successive divisions of the 
fusion nucleus, four free nuclei are de- 
rived and lie in a linear row (fig. 8). Fur- 
ther development of the basidium is uni- 
formly consistent in a majority of the 
cases, and only a few variations have 
been observed. 

In the normal type of development, 
after the formation of four free nuclei in 
the promycelium, the lowermost nucleus 
is separated off by a septum (fig. 9g) 
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Fics. 1-10.—Fig. 1, pycnium, X 400. Fig. 2, cell fusion in telial primordium, X 1800. Fig. 
initials, X Soo. Fig. 4, young teliospore, X 800. Fig. 5, mature teliospore, * 800. Figs. 6, 7, stages in formation 
of fusion nucleus, X 1800. Fig. 8, germinating teliospore with linear row of four nuclei, 800. Fig. 9, sepa- 


ration of lower promycelial cell, X 800. Fig. 10, development of infection branch, 800. 


3, teliospore 
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which appears to be laid out by cleavage 
furrows. This is facilitated by the dif- 
ferentiation of small vacuoles which 
coalesce with one another. The two- 
celled promycelium thus produced has an 
upper three-nucleate cell and a lower 
uninucleate cell. The apical portion of 
the upper cell very soon elongates into a 
whiplike process into which the three 
nuclei migrate along with the cyto- 
plasmic contents. This whiplike struc- 
ture, although usually terminal, often 
develops in a lateral position (fig. 10). 
In the lower cell the nucleus remains in- 
active and in later stages degenerates. 
The cell contents become highly vacuo- 
lated and in some instances undergo 
shrinkage. 

In one of the observed variations the 
entire process of development usually 
found in the upper cell of the promyce- 
lium is restricted to the lower cell (fig. 

1); i.e., the upper cell is uninucleate and 
sterile, whereas the lower one is three- 
nucleate and develops the infection 
hypha. In another instance, after the 
linear row of four nuclei was organized in 
the promycelium, two septa were laid 
separating three cells. The upper cell was 
binucleate. The middle cell showed some 
activity in having a single nuclear divi- 
sion and becoming binucleate (fig. 12), 
but very soon all the nuclei within the 
two lower cells degenerated, leaving only 
the upper fertile cell. In such cases the 
promycelium appears to be three-celled, 
but only one of the cells is fertile. The 
three-celled promycelia observed by 
AJREKAR and Tonapy might be of simi- 
Jar nature. In still another type of varia- 
tion, after the first meiotic division and 
the separation of the two daughter 
nuclei, the lower one degenerates and the 
upper one, by further division, forms a 
binucleate promycelial cell (fig. 13). 

The promycelium in U. aloés is thus 
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usually two-celled, with one fertile cell 
and one sterile cell, or three-celled, ow- 
ing to the presence of two sterile cells. 
The fertile cell develops a whiplike struc- 
ture which, during infection, directly 
penetrates into the host and is therefore 
of the nature of an infection branch. In 
other rusts the cells of the promycelium 
may develop a whiplike branch in place 
of a sporidium when excessive moisture 
conditions prevail during teliospore ger- 
mination. Such abnormal types of telio- 
spore germination are common among 
partly submerged spores with limited 
oxygen supply. In U. aloés, however, 
even in a seemingly suitable environ- 
ment, the development of basidiospores 
has never been observed. It seems certain 
that they are not formed. The pro- 
mycelial cell has assumed the function of 
the sporidium and develops the infection 
branch. The rounding-up of promycelial 
cells (fig. 14) which behave like sporidia 
has been recorded in species of the genera 
Chrysocelis Diet. and Acervulopsora Thir- 
umalachar. AJREKAR and TONAPY com- 
pared it with the genus Barclayella Diet. 
(=Chrysomyxa), in which, however, the 
rounding-up of promycelial cells has been 
ascribed to abnormal conditions prevail- 
ing during germination. 


MEIOSIS 


The following cytological details were 
observed for the meiotic divisions of the 
fusion nucleus in the promycelium. The 
fusion nucleus shows a finely staining 
reticulum of chromatin with a nucleolus 
which, in most of the cases observed, is 
situated on the side of the nucleus toward 
the tip of the promycelium (fig. 15). The 
nucleolus stains deeply with gentian- 
violet and haematoxylin. The first indi- 
cation of the beginning of the prophase 
is the condensation of the chromatin 
into long, narrow, sinuous strands. These 
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FIGs, 11-25.—Figs. 11-13, variation in type of teliospore germination, X 4oo. Fig. 14, upper promycelial 
cell separating, X400. Figs. 15-23, meiosis. Fig. 15, resting nucleus, X 1800. Fig. 16, zygonema stage in 
promycelium, X 1800. Fig. 17, diakinesis, X 1800. Fig. 18, first metaphase, 1800. Fig. 19, stage before 
organization of spindle, X 1800. Fig. 20, anaphase, X 1800. Fig. 21, late metaphase, X 3600. Fig. 22, clumping 
of chromosomes at either side of equatorial plate, X 3600. Fig. 23, anaphase, X 3600. Fig. 24, penetration of 
infection hypha through epidermis, X 400. Fig. 25, septate mycelium composed of uninucleate cells after 
infection, X 800. 
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are distributed within the nucleus with- 
out any definite arrangement and con- 
stitute the leptotene stage. Many nuclei 
have been observed in the zygonema 
stage showing the pairing of chromo- 
somes (fig. 16). Very soon after this 
pairing, the chromosomes contract ab- 
ruptly in length and become short and 
stumpy. Six pairs of chromosomes have 
been counted in most of the preparations 
showing diakinesis (fig. 17). The nuclear 
membrane disappears at this stage, and 
the first indication of the organization of 
the spindle is observed. The nucleolus 
disappears completely just at the stage 
of diakinesis. Such a feature has been re- 
ported by several workers (19, 20, 25). 
OLIVE (21), on the other hand, working 
on the nuclear phenomena of Coleo- 
sporium heliantht, noticed the persistence 
of the nucleoli during all the stages of the 
first meiotic division. It was also stated 
that they undergo splitting like the 
chromosomes and are translocated into 
the two daughter nuclei. Since these ob- 
servations by the several investigators 
have been made on very carefully fixed 
and stained preparations, it is probable 
that the behavior of the nucleolus dur- 
ing nuclear division varies in different 
species of rusts. 

The early stages in organization of the 
spindle are obscure. Its formation usua)- 
ly coincides with the disappearance of 
the nuclear membrane in late prophase. 
After its organization, the translocation 
of the chromosomes along the spindle to 
the respective poles can be made out 
(figs. 18, 19, 21, 22). Chromosome counts 
made during both diakinesis and the 
metaphase indicate that the haploid 
number is six. Chromosome numbers are 
also known for some other rusts; about 
eight in C. helianthi (21), eight for 
Cronartium ribicola (8), six to ten in 
Coleosporium sonchi-arvensis (14), and 
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five in Puccinia malvacearum (2) (in- 
accurately described as two by many pre- 
vious investigators). The presence of a 
centrosome with the characteristic polar 
radiations and other amphiastral figures 
has not been noticed. SavILE also failed 
to find them in any of the rust species 
investigated by him. Centrosomes with 
polar radiations have been figured by 
CoLLey for Cronartium ribicola and by 
OLIvE for Coleosporium helianthi. In the 
latter rust OLIVE attributed to them the 
function of contributing toward the for- 
mation of the cell plate. The presence or 
absence of the centrosomes and polar 
radiations might be characteristic fea- 
tures of the particular rust species. 
Toward the later part of the anaphase 
the chromosomes show tendencies to be- 
come clumped (figs. 20, 23) at the poles. 
In many cases they were massed on 
either side of the equatorial region of the 
spindle itself (fig. 22). The telophase is 
soon recognized, the nucleoli and the 
nuclear membrane reappearing. In a 
short time the second meiotic division is 
initiated, resulting in the formation of 
four free nuclei. The spindles in this 
second division are much smaller than in 
the first, with the chromosomes being 
too minute to permit definite counting. 


INOCULATION EXPERIMENTS 

AJREKAR and Tonapy by a series of 
inoculation studies proved the autoeci- 
ous nature of U. aloés. They further 
stated that the promycelial cell with its 
threadlike outgrowth might sooner or 
later become separated from the empty 
part of the promycelium and actually 
function as a basidiospore. In the present 
studies, germinating teliospores were 
placed on young leaves of A. vera, and 
the inoculated plants were inclosed in 
moist chambers for 48 hours, after which 
they were placed in a greenhouse for 
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observation. The inoculated portions of 
the leaves were fixed at different inter- 
vals (24, 48, and 72 hours after removal 
from the moist chambers), and micro- 
tome sections were cut to observe the 
various stages of penetration into the 
host. The whiplike germ tube, upon con- 
tact with the epidermis of the host, first 
forms an appressorium and enters the 
epidermal cell by the formation of a slen- 
der process (fig. 24). It is probable that 
all three nuclei enter into the host along 
the infection hypha, but no definite ob- 
servations have been made to this effect. 
The three nuclei have not been recog- 
nized individually because of the fact 
that soon after entry they divide, and a 
septate mycelium is developed. This is 
composed entirely of uninucleate cells 
(fig. 25). The mycelium ramifies in the 
intercellular spaces, and later on the 
hyphae are grouped together to form the 
pycnial initials. 

The formation of sporidia is complete- 
ly suppressed irrespective of the condi- 
tions under which germinations are car- 
ried out. It is, therefore, difficult to think 
of monosporidial infections in the usual 
sense of the term. However, as each 
teliospore on germination has been ob- 
served to produce only one fertile pro- 
mycelial cell which is equivalent with the 
sporidia, single teliospore infections 
would achieve the same end as mono- 
sporidial infections. For this purpose, 
single teliospores were easily picked out 
by adopting the dry-needle method of 
HANNA, and they were used for inocu- 
lating healthy leaves of A. vera. Success- 
ful infections were observed in ten cases, 
indicated by the appearance of tiny yel- 
low specks. These gradually expanded 
into patches, and the development of 
pycnia, followed by telia, took place after 
14-20 days. If these single teliospore in- 
oculations could constitute monosporid- 


ial infection—which cannot be claimed 
with certainty—then it might be pre- 
sumed that U. aloés behaves like a homo- 
thallic rust.’ The cytological details ob- 
served during teliospore germination 
indicate that the nuclear cycle is not of 
the usual type found in Puccinia malva- 
cearum but is somewhat complicated. 


Discussion 


In rusts and in many of the higher 
basidiomycetes a species is considered to 
be homothallic when the entire life-cycle 
is completed starting from a single 
uninucleate basidiospore. Numerous 
microcyclic rusts have been studied ex- 
perimentally (4) and their homothallic or 
heterothallic nature confirmed. In P. 
malvacearum (3) the basidiospore is 
uninucleate and on infection develops a 
uninucleate mycelium. Binucleate cells 
appear at various points in the initiation 
of the telial stage, and the two nuclei 
which associate in a young teliospore are 
the products through successive mitoses 
of the original sporidium. According to 
JACKSON (15), homothallic rusts were de- 
rived from heterothallic ancestors 
through simplification of the life-cycle. 
Two kinds of homothallism are dis- 
tinguished (6): those that are haplo- 
monoecious like P. malvacearum, where 
the life-history starts with a single 
uninucleate sporidium, and those that 
are sexually heterokaryotic or mikto- 
haplontic (16, 17). In the miktohaplontic 


species, the ascospore or the basidio- 


*In a recent paper JACKSON (Trans. Roy. Soc. 
Canada, Sec. V, Ser. III, 38:1-32. 1944) stated 
that the two haploid thalli developed from + and — 
basidiospores are not of different sex but must be 
interpreted as bisexual (sexually homothallic) 
hermaphroditic, intrasterile, and cross-fertile. If 
Puccinia graminis is then characterized as being 
homothallic, according to this interpretation, DopGE 
(Mycologia 37:784-791. 1945) pointed out that 
miktohaplontic forms like Neurospora tetrasperma 


would be doubly homothallic. 
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spore initially is bisexual, containing the 
nuclei of both sexes. Among the asco- 
mycetes Neurospora tetrasperma (9), 
Pleurage anserina (12), and Gelasino- 
spora tetrasperma (13) are miktohaplon- 
tic. In two species of basidiomycetes— 
Puccinia arenariae (18), and Cintractia 
montagnei (23)—the promycelium re- 
mains two-celled; the two basidiospores 
receive two nuclei each and thus are con- 
sidered bisporous. These and other basid- 
ially bisporous forms of Hymenomy- 
cetes like Coprinus ephemerus and Galera 
tenera (24) were grouped under mikto- 
haplontic species by BULLER (6). Con- 
sidering the life-cycle of U.aloés, it is evi- 
dent that the basidium remains mostly 
two-celled, the upper cell containing 
three or rarely two nuclei derived after 
the meiotic division in the promycelium. 
It is probable that this is a case similar to 
that of Cintractia montagnei, Puccinia 
arenariae, and others which are con- 
sidered by BULLER as basidially bi- 
sporous. 

The degeneration of one or two nuclei 
in the lower cell of the promycelium in 
U. aloés is rather enigmatic. Usually in 
rusts after the meiotic divisions in the 
promycelium, the four nuclei are dis- 
tributed in four haploid or two diploid 
sporidia. The degeneration of any of the 
nuclei would mean a loss of certain com- 
binations of characters. Such a _phe- 
nomenon, however, has been observed in 
some of the basidiomycetes of which two 
instances are cited. 

a) Endophyllum valerinae-tuberosae is 
a homothallic rust with a uninucleate 
mycelium. In the young teliospore two 
nuclei are present, but no synkaryon is 
formed, one of the two nuclei degenerat- 
ing. The remaining nucleus migrates into 
the promycelium, and a mitotic division 
results in a two-celled promycelium. The 
upper cell forms a uninucleate sporidium, 
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while the nucleus in the lower cell de- 
generates. Degeneration of nuclei thus 
occurs twice within the course of the 
life-cycle. 

b) In Psalliota campestris the basidium 
is bisporous, each spore possessing two 
nuclei. BuHR (5) observed that in some 
basidia only a single nucleus enters each 
basidiospore, the other two nuclei de- 
generating within the basidium-body. 
The degeneration of one or two nuclei in 
the lower cell of the promycelium of U. 
aloés is comparable with the condition 
present in the two above-mentioned 
cases and might indicate an aberrant 
mode of the sexual process. 

Since the discovery of the functions 
of pycnia by CRAIGIE, rust species with 
well-developed pycnia are usually con- 
sidered heterothallic (4), and in the 
homothallic species the pycnia are either 
absent or underdeveloped. In U. aloés 
the pycnial development is incomplete in 
the sense that no ostiole with flexuous 
hyphae are produced. The pycniospores 
are extruded out of the narrow pore 
through the epidermis and collect in a 
droplet of secreted nectar. In some of the 
pycnia the entire cavity is filled by 
pycniosporophores without any spore 
development. According to JACKSON 
(15), ‘“‘the presence of spermagonia or 
spermatia, however, should not be con- 
sidered as indisputable evidence that the 
species is heterothallic. It is quite pos- 
sible that in species spermatia are 
formed but are no longer functional.”’ 
JACKSON cited as evidence the instances 
of Endo phyllum euphorbiae-sylvaticae and 
Gymnoconia nitens—the form with a 
four-celled promycelium studied by 
DopcGeE and GAISER (10)—in which the 
nuclei do not fuse prior to the formation 
of the basidium, thus suggesting a 
homothallic development, and yet they 
show development of pycnia, E. cen- 
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tranthi-rubri and one of the uninucleate 
strains of G. nitens, which possess the 
haplophase throughout their life-cycles, 
could only be homothallic. However, 
pycnial development has been observed, 
and these must be nonfunctional. In 
Cysto psora oleae the mycelia produced as 


‘a result of sporidial or aeciospore inocu- 


lations of young leaves are first multi- 
nucleate and later on dikaryotically 
diploid, and yet well-developed pycnia 
with ostiole and paraphyses as in hetero- 
thallic rusts are present (28). 

JACKSON (15), in comparing the life- 
cycle of Herpobasidium fillicinum with 
the microcyclic rusts, enumerated six 
distinct types of variations present in 
the endo- and micro-forms. The life- 
cycles of long-cycled rusts are mostly 
uniform in all essential features. The 
life-cycle of U. aloés shows that it cannot 
be equated with any of the types enu- 
merated by JACKSON and thus adds an- 
other variation. 


Summary 


1. Uromyces aloés (Cke.) Magn. is a 
microcyclic rust developing pycnia and 


telia on the leaves of Aloe vera. The 
pycnia are subepidermal and remain 
abortive and underdeveloped in many 
cases. 

2. The telia are subepidermal, and the 
teliospores germinate readily, producing 
usually two-celled, and rarely three- 
celled, promycelia. The terminal cell, 
which may thus be bi- or trinucleate, is 
fertile, while the nuclei in the lower cell, 
or cells, degenerate. The terminal fertile 
cell produces an infection hypha which 
penetrates into the host. Development of 
basidiospores has not been observed, but 
the terminal cell of the promycelium as- 
sumes the function of basidiospores. 

3. A detailed cytological study of 
teliospore germination has been made. 
The haploid chromosome number, as de- 
termined during the meiotic divisions of 
the fusion nucleus in the promycelium, 
is six. In its type of teliospore germina- 
tion, U. aloés has been shown to resemble 
Puccinia arenariae, Cintractia montagnei, 
and others which are considered to be 
basidially bisporous by BULLER. 
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CHARACTERISTICS OF THE NITROGEN-FIXING 
ENZYME SYSTEM IN NOSTOC MUSCORUM" 


R. H. BURRIS AND P. W. WILSON 


Introduction 


Fixation of molecular nitrogen by the 
blue-green alga Nostoc muscorum is of 
special interest, since in some respects 
this system represents an intermediate 
between fixation by the free-living 
heterotrophic bacterium, Azotobacter, 
and the symbiotic combination of Rhizo- 
bium plus leguminous plant. Previous 
studies from this and other laboratories 
(2, 4, 9), dealing with the properties of 
the enzyme systems responsible for 
nitrogen fixation by Azotobacter and by 
inoculated red clover plants (Trifolium 
pratense with R. trifolii), established 
that these two systems resemble one 

' This research was supported in part by grants 


from the Rockefeller Foundation and the Wisconsin 
Alumni Research Foundation. 


another in many critical respects—dis- 
sociation constant (Ky.), response to 
H, and to CO. Extension of such in- 
vestigations to Nostoc was recognized 
but delayed because of lack of suitable 
technique. Fixation by this organism is 
slow, and replicates often vary consider- 
ably. As studies on the nitrogen-fixing 
system are as yet limited to growing cul- 
tures, these defects in experimental 
method discouraged enzyme studies; it 
appeared unlikely that sufficient pre- 
cision would be obtained for investiga- 
tions of this nature. We have overcome 
to a considerable extent this handicap 
by use of many-fold replication and by 
application of the isotopic tracer method. 
Although the data still lack the precision 
achieved with either Azotobacter or in- 








BER 


in- 
nthi. 


942. 
tism 
chell 


295. 
lism 


mer. 


_ be- 
Jour. 


‘rmi- 


Ind. 
rust 


Sci. 


_ the 
rust, 
45- 





1946] BURRIS & WILSON—NITROGEN-FIXATION IN NOSTOC 2 


oculated red clover plants, they are suf- 
ficiently precise for comparison with 
these two. 
Methods 

The pure culture of N. muscorum em- 
ployed was kindly furnished by Dr. F. E. 
ALLISON. Inoculum for the experiments 
was prepared: 25-ml. portions of ap- 
proximately 2-week-old cultures in Roux 
bottles were transferred to 100 ml. of 
fresh ALLISON’s nitrogen-free medium 
with 1% sucrose (1) in 1-liter Roux 
bottles, and the cultures were incubated 
about 1 week in a south window at a 
room temperature of approximately 
25° C. Six of these 125-ml. cultures were 
then combined with 800 ml. of fresh 
medium and shaken vigorously with 
glass beads in a 2-liter flask. Sterile air 
was passed through the flask rapidly to 
keep the algal clumps suspended, while 
35-ml. portions were pipetted into 1-liter 
flat-bottomed pyrex bottles. Combined- 
nitrogen compounds were added to indi- 
vidual bottles as sterile neutral solutions 
in 1 ml. volume. The bottles were 
stoppered in pairs, and gases were re- 
moved and added through cotton plugs 
to the two bottles simultaneously. Unless 
otherwise noted, the pO, was initially 
0.2 atm., and the pCO., 0.05 atm., in all 
bottles. The other gases were varied as 
indicated by particular experiments. The 
culture bottles were incubated in a green- 
house at a normal temperature of 22°- 
25° C.; during the late spring and sum- 
mer months the temperatures exceeded 
25°, and it was necessary to shade the 
bottles from direct sunlight. The bottles 
were illuminated at night by 200-watt 
bulbs in reflectors at a distance of 30 
inches. Cultures were usually analyzed 
after incubation for 4-7 days. The cells 
from flasks to which combined nitrogen 
was added were washed by centrifuga- 
tion before Kjeldahl analysis. 


Wn 
wn 


Experimentation 
THE pN, FUNCTION 

The partial pressure of nitrogen (pN.) 
was varied from 0.02 to 0.75 atm.; 
helium was added to atmospheric pres- 
sure, correction being made for the 2.5% 
N, in the helium sample. Each treat- 
ment was replicated four times in the 
nitrogen-fixation series and twice in the 
combined-nitrogen series (300 p.p.m. 
NH;-N). Variations arising from lack 
of uniformity in inoculum, in alterations 
of growth rate through disturbing the 
algal pad, and from differences in light 
should be partially eliminated by aver- 
aging of the replicates. Data from four 
trials are summarized in table 1. Con- 
siderable variation in response still exists 
both within and among the experiments 
even when the averages are used. In gen- 
eral, the data agree with those obtained 
in similar experiments made with A zoto- 
bacter (10) and with red clover plants 
(9), but two quantitative differences are 
suggested. 

First, there is some evidence that as- 
similation of fixed nitrogen is not entirely 
independent of the pN,. If true, it indi- 
cates that the level of NH{—N used was 
insufficient to inhibit completely nitro- 
gen fixation, a result quite different from 
that noted with the other agents (11). 
Because of its implication for the 
mechanism of fixation, this suggestion 
is worth keeping in mind, though the 
evidence is certainly not conclusive, since 
the differences are neither marked nor 
consistent in the sense that uptake of 
NH?-N always decreased when the pN. 
was lowered. 

Second, the dissociation constant 
(Ky.) appears to be at least 0.10 atm. 
(see data in last column of table 1; value 
of the pN, at which fixation is one-half 
maximum). With Azotobacter (10) the 
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value is 0.01-0.02 atm. and with red 
clover, about 0.05 atm. (9). If the data 
are plotted for estimation of Ky, (1/pN, 
against 1/v) decision must be made as to 
the best measure of v, the velocity con- 
stant of fixation. As insufficient data are 
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available to decide this definitely, calcu- 
lations were made of two possibilities: 
(a) a linear rate, i.e., the final total nitro- 
gen fixed was used as a measure of 2; (0) 
a logarithmic rate in which the first-order 
velocity constant, k 





























= 2.303/time in 
TABLE 1* 
ASSIMILATION OF N, AND NHj-N AS FUNCTION OF THE pNz BY NOSTOC MUSCORUM 
NHj;-N ASSIMILATED (MG./35 ML.) N; FIXED (MG./35 ML.) 
PN, = 5 7 ‘ 
aa Experimentt Experimentt | 
Av.t ee oe Av.t 
I 2 3 I | 2 3 | 4 | 
0.02 BROS. |Loss eciem 5.98 | 95 0.57 0.61 Oueee Is veces | 28 
O5 RORB Ne io, 5.20 | 84 0.93 0.79 | 0.89 | 0.54 | 43 
10 omer) SOs 4.57 77 0.81 1.00 1.08 0.48 | 47 
20 3.38 | 7.11 6.23 | go 1.22 1.28 1.04 | 0.74 | 57 
40 4.02 7.01 5-29 | 89 1.16 2.16 2:03 | 6.9 85 
0.75 4.41 7.87 6.02 | 100 1.81 2.67 1.85 | 1.63 100 
* Values in table corrected for nitrogen at start. Blank indicates not included or sample lost. 
t a ————— — 
Expt. | Time Mg. N 
| at start 
I ..| g7days | ost 
2 4days | 44 
3 | § days | 45 
4 | 4 days |} 0.25 
t Relative to value at 0.75 atm. = 100 
hk VALUES 
e 
350 6- 
ie) 
L300 Vp, 54 
290 . 4 4 
° Ih = 3+ 0.059 /pNo 
Kyj370.020 + 0.003 
2 
— 00 ee — 
Se 
/p N5 
10 20 30 
150 1 1 1 4 
O10 , 039 O50 »No IN_ATM 








Fic. 1.—Response of Nostoc muscorum to partial pressure of nitrogen in atmosphere. Values of & in each 
experiment adjusted to a common kmax for the combined plotting. Each point is average of three to four 
separate determinations, each of which is based on four replicates. 

Insert: Calculation of Ky. from these data. Individual determinations shown. 





























MBER 1946] BURRIS & WILSON—NITROGEN-FIXATION IN NOSTOC 257 
ucu- days Xlog (final N/ initial N), was used. cluded four in which partial pressures of 
tes: The following values for the Ky, were N, of 0.75 and 0.10 atm. were compared 
itro- obtained under the first assumption: in the absence of the inhibitor. The 
5 (b) 0.028, 0.042, 0.041, and 0.058 atm. average value of k for the former was 
rder Combining the data from all experiments 0.414 and for the latter, 0.268. Calcula- 
> In led to a value of 0.032 atm., but the ap-__ tion of Ky, from the formula (10) 
propriate statistical test (6) indicated —" 
that a linear function did not properly Ky, ~F7p'— Ep 
describe the combined data, so this 
value is suspect. for these four trials led to a value of 
The data based on an assumed log- 0.07 + 0.019 atm. (cf. with red clover 
arithmic rate are shown in figure 1. In equal to 0.05 atm.). Although a more 
this case the combined data showed less _ precise evaluation of Ky, for the Nostoc 
\v.t 
TABLE 2 
a 48 EFFECT OF H, ON UPTAKE OF FREE AND COMBINED NITROGEN BY 
43 NOSTOC MUSCORUM (ISOTOPIC EXPERIMENTS) 
47 SS : Se SEE 
35 ATomM % EXCEss N's 
” 7 pot oa oo Pa re es 
a | Vacuum 0.6 atm. Hz 
| 0. 267 | 0 172 
5 70 0.16 0.24 40.224 | 0.179 
| (0.313 0.182 
6. ree | 144 .20 .20 5-44 | 5.20 
7 : 36 .20 .20 0.171 0.050 
te 6.43 6.74 
8 : aeaty 28 0.20 0.20 46.60 6.46 
| (6.82 6.61 
* 50 p.p.m. NHj|-N (32% atom excess N‘S) added in this experiment. 
evidence of nonlinearity, but a more de- system awaits additional experiments in 
sirable fit to a straight line is still needed; which the rate of reaction is determined 
the F value (6) was just at the 5% level by periodic analyses, present estimates 
of significance. Also, several of the ob- justify the conclusion that this signif- 
served rates at the higher partial pres- icant enzyme constant does not differ 
sures of N, (0.40 and 0.75 atm.) are markedly from those of the nitrogen- 
greater than the estimated &,,x. Al- fixing systems in Azotobacter and Tri- 
though the excesses are not more than folium. 
can be accounted for by experimental 
error, their existence casts doubt on the THE pH, FUNCTION 
accuracy of the estimated Ky,.. For these A critical test for comparison of 
reasons the indicated value, 0.02 + 0.003 nitrogen-fixation systems is their re- 
atm., is highly provisional, and its close sponse to molecular hydrogen. Although 
agreement with that observed with this gas is inert for most enzyme systems 
ee Azotobacter (10) is likely only fortuitous. other than those involving hydrogenase, 
Experiments concerned with influ- it specifically and competitively inhibits 
ence of CO on the fixation process in- nitrogen fixation by both Azotobacter 
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Fic. 2.—Effect of hydrogen gas on uptake of free and combined nitrogen by Nostoc muscorum. Left, 
comparison of assimilation of N, and NH}-N (total-nitrogen experiment, pN2 = 0.2, pO. = 0.175 atm., 





helium to fill). Right, effect of pN. on action of H, (isotopic experiment, pO, = 0.3 atm., vacuum). 
a found that many of the irregularities 
ATOM % EXPERIMENT 11 0 @ could be eliminated if isotopic N™ were 
Excess n'S if 8a 
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Fic. 3.—Effect of hydrogen on rate of nitrogen 
fixation by Nostoc muscorum. 


(13) and red clover (9). Because of the 
importance of the effect of hydrogen, a 
more sensitive method was sought for 
verification of data obtained in the total- 
nitrogen type of experiment. It was 


used to measure fixation as has been pre- 
viously described (3). The absolute 
quantity of cells initially added as inocu- 
lum is not especially critical in governing 
the amount of N* they assimilate, and 
the experiments can be completed in a 
relatively short time, minimizing con- 
fusing secondary reactions. The chief 
limitation of the method at present re- 
sults from the lack of sufficient equip- 
ment to handle numerous replicates in 
a single experiment. For this reason we 
have not used it in the pN, experi- 
ments, although the procedure is cer- 
tainly recommended whenever facilities 
become available. 

For test of the method Azotobacter 
cultures were grown in the presence and 
absence of H, (0.6 atm.); the excess of 
N's found in the cultures after 28 hours 
over that normally present was: without 
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H., 3-52, 3-44, and 3.44; with H., 2.66, 
3.06, and 2.67 atom %. In a second ex- 
periment after 19 hours the values ob- 
tained were: without H., 1.45, 1.43, and 
1.66; with H., 0.96, 1.07, and 0.70 
atom %. 

Data in table 2 and in figures 2 and 3 
demonstrate that H, likewise specifically 
inhibits nitrogen fixation by N. mus- 
corum. This is evidenced by the results 
obtained with N's (table 2, figs. 2, 3) as 
well as by those with the more tradition- 
al total-nitrogen method (fig. 2, expt. 9). 
The specificity of the effect is illustrated 
by the data of experiments 8 (table 2) 
and g (fig. 2), which indicate that the 
effect of H, is confined to assimilation of 
N, and has little, if any, effect on uptake 
of NH;—N. Whether the effect is com- 
petitive or not cannot be stated without 
further additional study, but the results 
of experiment ro are consistent with the 
view of competition. The results of experi- 
ments 11, 12, and 13 (fig. 3) suggest 
that, as previously noted with the other 
nitrogen-fixing agents, the effect is on 
the rate of fixation. From these results 
with H, it is concluded that the nitro- 
gen-fixing system in Nostoc is closely re- 
lated to that in Azotobacter and in red 
clover. 

THE pCO FUNCTION 

Further evidence of the similarity of 
the nitrogen-fixation system in Nostoc 
with that in Azotobacter and in red clover 
is furnished by experiments dealing with 
the effect of CO. This gas does not 
possess the specificity for inhibition of 
fixation shown by H.,, since it may affect 
the assimilation of nitrate and, at rela- 
tively high concentrations, of ammonium 
(12). Nevertheless, because of quanti- 
tative differences in the effect on fixation 
of N, as compared with assimilation of 
the combined forms, its use as an inhibi- 


tor provides another valuable criterion 
for establishing similarities and differ- 
ences among biological nitrogen-fixing 
systems. 


TABLE 3 
EFFECT OF CO ON FIXATION OF N, BY NOSTOC 
MUSCORUM (ISOTOPIC EXPERIMENTS) 














Expt. Time in pco | Atom % 
hours (atm.) | excess N's 
14 
pO.=0.2 38 0.00 0.108 
atm. | | 131 
pN.=0.2 .138 
.006 .039 
| .033 
-035 
| 
15 
pO.=0.2 28 | .000)— | me 
atm. | -144 
pN.=0.2 
| .0005 | .107 
.002 .060 
0.004 | 0.009 


TABLE 4 


ACTION OF CO ON THE ASSIMILATION 
OF AMMONIUM NITROGEN BY NOs- 
TOC MUSCORUM (ISOTOPIC EXPERI- 


MENT 16) 
At« or “i 
Atmosphere At perth as 
xcess 
| ee me : . 8.37 


Air + pCO 0.0005*. . 
Air+ ‘“ o.oo1.. 
Air+ “ 0.002.. 52 


8.26 
8. 
8. 
Air+ ‘“ o.004.... . 8.09 
8. 
8. 
/ 
‘ 


41 


Air+ ‘“ 0.006.. 42 
At “ Ge@e.; .... 33 
0.80 vac., 0.004 CO, 0.20 O2.. 58 
0.80 H2, 0.004 CO, 0.20 O, .95 
0.80 He, 0.004 CO, 0.20 O, Rey ey, 


‘ 


* All values in this column expressed as atm. 


The response of NV. muscorum to CO 
was determined in isotopic and total- 
nitrogen experiments; the results are 
summarized in tables 3-6 and in figure 4. 
The specificity of the action of CO at a 
pCO of 0.006 atm. (0.6%) or less is 
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demonstrated by comparison of the data lation of NH? and is therefore specific 
in tables 3 and 4. The ammonium ion in for fixation of N,. Similar results were 
experiment 16 (table 4) was supplied obtained in experiments 17-22 (tables 
as 50 p.p.m. (NH,),SO, containing 32% 5, 6) which were based on total-nitrogen 
atom excess N'’. After 24 hours’ incuba- data and which included both nitrate 
tion the cells were recovered by centrif- and ammonium nitrogen. A rate experi- 
ugation, washed, and analyzed for N*‘’. ment is shown in the insert of figure 4. 
Since the level of the heavy isotope was In general, the response of Nostoc to 
approximately the same in all samples, it CO is similar to that already observed 
is concluded that CO at the concentra- in Azotobacter (7, 12) and red clover (8). 
tions employed has no effect on assimi- The effective levels are of the same order 
of magnitude, and the inhibition at these 
; low pCO values appears to be restricted 
EFFECT OF CO ON —— LATION airwccdaad to fixation of N,. The differences between 

cae eee an sae sian semiae _._ the influence of CO on uptake of NOT 
ws pe and NH* established in respirometer 
EXPERIMENT 17 | EXPERIMENT 18 3 ° 

(96 uR.)* | (96 mR.)* experiments with Azotobacter (12) are 


TABLE 5 











. | . . 
pCO — |___________ not too much in evidence (table 6), but, 

(ATM.) . . . 
Wi Sheed N; fixed / in view of the experimental error and the 

aaa Rela- ecg Rela- . . : 

- - ea : ne tive Telatively long time required for the 

mg. mg. . . 
= batod __—  total-nitrogen experiments, the expected 
gees to | oo. foe comparatively small quantitative dif- 
e005. 1.54 ni ee ed ference could be readily hidden. More 
-00075 1.83 87 1.00 9° important differences are suggested by 

.OO10 1.84 88 0.89 80 3 
‘0015s. 0.89 33 0.34 31 the data dealing with the nature of the 
.002. o.19 | 9 0.13 12 jnhibition shown in figure 4, in which 
0.003. 0.05 | 2 0.05 5 : 
| the average values from four experi- 
ably «as 0k «6k oben, i beoneaibinde. ments with a pN, of 0.10 atm. and from 

TABLE 6 


EFFECT OF CO ON UPTAKE OF COMBINED NITROGEN BY NOSTOC 
MUSCORUM (TOTAL-NITROGEN EXPERIMENTS) 











300 P.P.M. NO;-N 300 P.P.M. NH{-N 
Expt.* pCO 7 aa ie ~ | cnt o iid 
(aTM.) Uptake /35 ml.! lv take/35 ml | 
| o> | aelative. [-~ (35 ™"| Relative 
| (mg.) | (mg.) | 
19 (120 hr.).. fo.000 ce 10oc- | 6.07 100 
\0.003 2.49 | 76 5-05 | 83 
| 
: fo.000 2.32 | 100 4.65 | 100 
20'(66 iit.) .00 5.55 ‘ > 
(96 hr.) 10.003 | 1.86 | 8 4.49 | 06 
; { | | 
Jo.000 | 2.80 | 106 | S.3g | 6 
2 ( | 2° 0. } 
erOGht:).....<5.5 aces | ‘oe rs | 4-73 | 88 
pees re fo.cco | 2.81 100 3.71 | 100 
je jo.002 | 2.68 95 | 3.40 | 92 
| | | 





* pNz = 0.75, POg = 0.20 atm. in all experiments. 
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five experiments with a pN, of 0.75 atm. 
are plotted. Each point at the lower pN, 
represents eight replicates and, at the 
higher, fourteen replicates. Two results 
are noteworthy: (a) the quantity of 
nitrogen fixed at a pCO of 0.0005 atm. 
and a pN, of 0.75 atm. was consistently 
greater than that in the absence of CO 
and (6) competitive inhibition is indi- 
cated, since CO exerted a greater per- 
centage inhibition at the lower pN.. A 
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by Nostoc (Michaelis dissociation con- 
stant, Ky.), although not determined 
with great precision, apparently does 
not differ markedly from those observed 
for Azotobacter (0.02 atm.) and red clover 
(0.05 atm.). 

2. The response to H, and CO is much 
the same as with the Azotobacter and the 
symbiotic system. The data indicate con- 
siderable unity in the properties of the 
nitrogen-fixation systems in the three 
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Fic. 4.—Effect of CO on fixation of nitrogen by Nostoc muscorum at different pN,. (expts. 24-28). 
Insert: Time course of effect of CO measured by fixation of N'S. 


stimulative action of CO has not been 
observed with either Azotobacter or red 
clover, and the inhibition of Azotobacter, 
at least, is largely, if not entirely, non- 
competitive (5). 


Summary 

1. The properties of the nitrogen-fixing 
enzyme system in Nostoc muscorum ap- 
pear to be very similar to those already 
noted in the free-living bacterium, A Zoto- 
bacter and in the symbiotic system of 
Trifolium pratense and Rhizobium tri- 
folii. The half-maximum rate of fixation 


types of organisms. The specific activity 
of CO in very low concentrations and of 
H, are unusual phenomena; this adds sig- 
nificance to their action on the enzyme 
systems from different sources. 

3. Although the evidence strongly 
suggests that nitrogen fixation is medi- 
ated by similar enzyme systems in 
Azotobacter, Trifolium, and Nostoc, one 
point of difference may exist which 
might be significant. In contrast to 
Azotobacter (and possibly red clover), CO 
is more effective as an inhibitor of N, 
fixation by Nostoc at a pN, of o.10 atm. 
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than at a PN, of 0.75; this is suggestive 
of competitive inhibition. The half- 
maximum rate of fixation occurs at ap- 
proximately a pCO of 0.0006 (pN, of 
o.10 atm.) and at a pCO of 0.0014 (pN:2 
of 0.75 atm.). These values are inter- 
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mediate between those noted with Azo- 
tobacter (0.004—-0.005 atm.) and with red 
clover (0.0002 atm.). 


DEPARTMENT OF AGRICULTURAL BACTERIOLOGY 
UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 
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CYTOLOGICAL STUDIES IN THE ALISMACEAE 


WALTER V. BROWN 


Introduction 

The present study was undertaken to 
determine whether cytology can be of 
aid to a clearer understanding of the 
taxonomically difficult genus Sagittaria 
and to determine with more certainty the 
chromosome numbers and morphology of 
species in this genus and Alisma. 

OLESON (9) reviewed the literature 
concerning chromosome numbers in this 
family through 1941. Het count for 
Alisma plantago, 2n=14, is at variance 


with those of LIEHR (4), 27=12, and of 
WUuLFF (13), 27=10. HAGERUP (2) re- 
ported this species to have n=7 and A. 
lanceolatum n= 14, thus confirming OLE- 
son’s determination. In Sagittaria, also, 
a range in numbers has been reported. 
LieuR counted 2= 16 for S. sagittifolia, 
TAYLOR (11) 22=ca. 20 for S. montevi- 
densis, NAWA (8) 2n=20 for S. trifolia 
var. sinensis, LOHAMMAR (5) 2”= 22 for 
S. sagittifolia and S. natans, MORINAGA 
and FUKUSHIMA (6) 27= 22 for S. trifolia 
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var. sinensis, and SHINKE (10) 2n= 22 
for S. aginasht. OLESON found two more 
species to have 2n= 22—S. latifolia and 
S. rigida. All these workers studied sec- 
tions of root tips and stated that they 
encountered considerable difficulty in 
counting the long and twisted chromo- 
somes. 


Material and methods 


Mitotic chromosomes were studied in 
all species, smears being made of the 
root tip in aceto-carmine. Inasmuch as 
it was desired to spread the chromosomes 
a great deal, very little tissue was used on 
each slide, and considerable pressure was 
exerted on the cover slip to break the cell 
and, to a limited extent, to scatter the 
chromosomes. Absolute-acetic was used 
as the fixative (7 parts absolute alcohol 
to 3 parts glacial acetic acid) for a short 
time only, one-half hour to an hour. The 
material was smeared immediately after 
and directly from the fixative. All plants 
studied were collected by the author, ex- 
cept S. arifolia and A. subcordatum, from 
Colorado Springs, Colorado, furnished 
by Mr. Rosert Livincston, and S. 
sagittifolia, which was purchased. Potted 
plants were grown in an artificial pool in 
the greenhouse at Duke University for 
ready access to material and then grown 
to maturity for herbarium specimens, 
which are in the author’s personal 
herbarium. 


Observations and discussion 
ALISMA 


The chromosome numbers of all 
genera and species of Alismaceae so far 
studied cytologically are listed in table 1. 
The author’s counts of 2n= 14 (fig. 6) for 
A. triviale and 2n= 28 (fig. 4) for A. sub- 
cordatum substantiate the counts of 


x 


OLESON and HaGeErvp. It is probably 
true, as OLESON stated, that the basic 
number in this genus is seven. The au- 
thor disagrees, however, with OLESON’s 
findings on the morphology of the chro- 
mosomes of Alisma. She stated that 
“they may be classed as long, medium 
and short.” This is true, but, as figures 
I, 2, 4, and 6 show, these categories are 
arbitrary and practically useless. The 
author finds a fairly regular series of 
chromosomes decreasing in length from 
about 22 to 8 uw. OLESON further stated: 
“Four chromosomes are long, 2 having 
median and 2 subterminal constrictions; 
6 of these are of medium length and 4 are 
short.’ This is quite different from the 
author’s findings. Whereas OLESON re- 
ported two long chromosomes with 
median constrictions, the author finds 
that ten chromosomes have the constric- 
tion so located (fig. 6). OLESON’s four 
short chromosomes are the only ones 
with subterminal constrictions in the 
author’s material. 

FERNALD (1) recently revised the 
taxonomic concept of American species 
of Alisma. He finds that American 
Alisma is distinct from the European A. 
plantago-aquatica L. There are two 
species of Alisma in the United States, 
A. triviale Pursh, the more northern 
species with larger flowering parts, and 
A. subcordatum Raf., more southern with 
smaller flowering parts. OLESON’s A. 
plantago is probably A. triviale, the dip- 
loid species, as found in the present in- 
vestigation. A. subcordatum is tetraploid. 
HAGERUP reported the European species 
A. lanceolatum to be tetraploid with 
n= 14. Thus, there is one diploid and one 
tetraploid species in Europe and one 
diploid and one tetrapoloid species in 
North America. The polyploid A. sub- 
cordatum appears to have two sets of 
chromosomes, each of which is very simi- 
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lar in shape and length to the set found 
in A. triviale (cf. figs. 4 and 6 as well as 
figs. 1 and 2). 


SAGITTARIA 


In Sagittaria, as in Alisma, there has 
been disagreement as to both chromo- 


author himself states. The present paper 
reports the numbers in fifteen species of 
Sagittaria (table 1); all are the same— 
2n= 22. Nineteen species have now been 
studied cytologically with no polyploidy 
or variation in chromosome number be- 
tween species. 


TABLE 1 





CHROMOSOME NUMBERS IN ALISMACEAE 





Genus and species n 2n Authority 
PASIAN OES. ooh 5c oo oie Sates pea cae 12 Laxue (4) 
PRIMM oe ah: kaa Asa is ee tee 10 WULFF (13) 
PEMMMIBO NO Be ACS or ci as Sc ronicu map iasas oe 14 OLESON (9) 
A. plantago-aquatica L........... Ma SA | HAGERvP (2) 
PS EMINEM cee sive va owsa aly eats cata | 14 | BROWN 
A. lanceolatum With.=A. stenophyl- | 
oe 0h 2 © a ar ca 1 ee HAGERUP (2) 
Pe ice i Ut i A aD 28 BROWN 
Echinodorus ranunculoides L........... | ae Eee ee HAGERUuP (2) 
L imnophyton obtusifolium (L.) Miq....| > a eer: | NARASIMHA Murtuy (7) 
Sagittaria montevidensis Cham.+Schl.. 7 ie, ne ee TAYLOR (11) 
5. SCASNOKUM) OMAN... . ees ieee. : pneees 22 | BROWN 
ec eS ee Sr eee 22 | BROWN 
S; kurmana 2 Stamnorim ......... <2. c.fe ds cence 22 | BROWN 
S. subulata var. gracillima J. G.Smith |....... : 22 | BROWN 
So SAUNA TMPN ENG 3-5 25s Ss sim a tales SAS sides en ad 22 LOHAMMAR (5) 
Ey) A Rt et eee PR, ae EP Pa 22 BROWN 
SR ep 0 es ens | 22 | BROWN 
So RMR IE eo accede wats ack ere 22 | BROWN 
ty ToT a er, ee en 22 BROWN 
Sc aS Ee ee eR, |e 22 | OLESON (9) 
Se 5. a a | Fae 22 | BROWN 
Se LL es, a eae 22 | BROWN 
| en ee 22 | BROWN 
S. latifolia Willd................... 11 | 22 | OLESON (9) 
OTS || 5 ere, Pee rs | 22 | BROWN 
She SERINE oo eck dacs Salis. ois arenes a2 | BROWN 
S. longirostra (Micheli) J. G. Smith. .|......... 22 | BROWN 
S: a ag ST: ee ere 22 | BROWN 
S. sagittifolia L. De ee ee eg een OREN eee” 16 | LIEHR (4) 
Re PINMEN REIMER Bp oe 2 ses oh en ee es y oe 22 | LOHAMMAR (5) 
Ra OROTEAASOU Mois 05 55545 4,00 6 dole a babaieid as sa°s-6 22 | BROWN 
S. trifolia var. sinensis (Sims) ) Makino|.......... 20 | Nawa (8) 
S. trifolia var. sinensis (Sims) Makino).......... 22 | Mor rnaGa and FuKku- 
SHIMA (6) 
S. aginashi Makino................. | II 22 SHINKE (10) 


some number and morphology. The re- 
ports of SHINKE, LOHAMMAR, MoRINAGA 
and FUKUSHIMA, and OLESON agree that 
the various species studied by them have 
2n= 22. The counts of LrrEHR and NAWA 
have since been checked and corrected 
by later investigators. The count of 
Taylor, 2n=ca. 20, is indefinite, as the 


All species appear to have the same 
type of genom. TayLor, MortnacGa and 
FUKUSHIMA, and SHINKE agree that 
there is one pair of long chromosomes 
with median constriction. OLESON found 
two pairs with median constrictions, as 
did LoHammar. SHINKE’s description of 
the chromosome complement of S. 
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Fics. 1-9.—Figs. 1-3, idiograms of: fig. 1, Alisma triviale; fig. 2, A. subcordatum; fig. 3, Sagittaria. Figs. 
4-9, chromosome complements of: fig. 4, A. subcordatum; fig. 5, S. lorata; fig. 6, A. triviale; fig. 7, S. graminea; 
fig. 8, S. latifolia; fig. 9, S. falcata. All chromosome drawings reproduced at X 800. 
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aginashi—two very long chromosomes 
having central fiber-attachment constric- 
tions, eighteen rod shaped with sub- 
terminal constrictions, and two very 
short ones rod shaped but fiber-attach- 
ment point not designated—is the most 
nearly correct description in the litera- 
ture. Add that the very small chromo- 
some has a submedian constriction, 
and he has described the chromo- 
some set as found in all species of 
Sagittaria yet studied cytologically. Fig- 
ure 3 represents a typical or average 
idiogram for Sagittaria based on meas- 
urements of the complements of ten 
species and on one or more sets for each 
species. The study was not set up to de- 
termine and measure chromosome length 
with great accuracy, nor were sufficient 
chromosome sets of each species meas- 
ured. There may be significant differ- 
ences in individual chromosome lengths 
between species, but this study did not 
determine that. This average idiogram 
consists of one very long chromosome 
about 22 4 long with a central primary 
constriction, one very short chromo- 
some about 6.5 w long with submedian 
constriction, and nine chromosomes 
with subterminal constrictions and vary- 
ing in length: 16, 14.5, 13, 12.5, 11.5, 11, 
10.5, 10, and 9 pw, respectively. The short 
chromosome in the complement has a 
submedian constriction dividing it into 
two arms, one of which is twice as long 
as the other. The shorter arm is approxi- 
mately twice as long as the short arm in 
the chromosomes with subterminal con- 
strictions. This chromosome is definitely 
not in the latter group, however, as all 
chromosomes with subterminal constric- 
tions have short arms that appear al- 
most spherical, with a diameter slightly 
less than the diameter of the long arm. 
This is not true of the short arm of this 
shortest chromosome. 
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The idiograms of Alisma and Sagit- 
taria are quite different (cf. figs. 1 and 3). 
On the basis of LEwitsky’s (3) hypothe- 
sis—that primitive members of a group 
have mostly isobrachial chromosomes, 
while derived members have mostly 
heterobrachial—it would appear that 
Alisma is a rather primitive genus while 
Sagittaria is more advanced or derived. 
If four of the five isobrachial chromo- 
somes of Alisma divided to form eight 
heterobrachial units, a complement simi- 
lar in number to that found in Sagittaria 
could be formed. Similarly, a genus 
phylogenetically intermediate between 
these two would be expected to have an 
intermediate number of chromosomes 
and from two to four isobrachial mem- 
bers. Hacrrup (2) reported Echino- 
dorus ranunculoides to have n=g, but 
the morphology of these chromosomes 
was not determined. It might be ex- 
pected, however, to have three long iso- 
brachial chromosomes and six with sub- 
terminal constrictions. 


Summary 


1. The chromosome numbers of two 
species of Alisma and fifteen species of 
Sagittaria are reported. 

2. The basic number in Alisma is n= 
7, consisting of five isobrachial and two 
heterobrachial chromosomes. A. ¢riviale 
is diploid, A. subcordatum is tetraploid. 

3. All nineteen species of Sagitlaria 
that have been studied cytologically 
have 2n= 22, consisting of one pair of 
long chromosomes with median constric- 
tion, one pair of very short chromosomes 
with submedian constriction, and nine 
pairs of chromosomes with subterminal 
constrictions. 


4. It is probable that Alisma is a 
primitive genus, whereas Sagittaria is a 
more advanced or derived type. 
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THE ROLE OF ORGANIC MATTER, ESPECIALLY 
MANURE, IN THE NUTRITION OF RICE! 


JAMES BONNER 


Introduction 


During the course of an investigation 
of the effects of manure on the growth of 
plants, it was found that rice responded 
to the addition of this material by strik- 
ing increases in growth. The effect of 
manure was first noted in sand cultures 


supplied with a standard inorganic nu-: 


trient and could not be duplicated by al- 
teration of the composition of the nu- 
trient solution within wide limits. Neither 


‘Report of work supported by the John Ellis 
Fund. The authoris indebted to Mr. ELtts and to Dr. 
A. D. SHamet for their continued interest and many 
helpful suggestions during the course of this work. 


was the effect of the manure on growth 
of rice owing to any possible effects on 
structure or tilth of the substrate, since 
rice is grown with the roots completely 
submerged, so that the effects of organic 
matter on soil structure and hence on the 
aeration of the soil, which are so impor- 
tant with other plants, are of little sig- 
nificance here. The data to be discussed 
below show, on the contrary, that rice 
cultures, under the conditions obtaining 
in these experiments, are able to utilize 
organic nitrogen and that manure influ- 
ences the growth of rice through its con- 
tent of organic nitrogenous compounds. 
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Material and methods 


The rice used was of the variety 
Colusa. It was germinated in a warm 
greenhouse in washed river sand con- 
tained in flats, and the seedlings were 
used when the plants had attained a 
height of 15-20 cm. to the top of the tall- 
est leaf. No nutrient was added to the 
seedling cultures. Experiments were set 
up either in 1-gallon crocks, 13-quart 
cans, or in 20-cc. shell vials, the size of 
container depending on the purpose of 


TABLE 1 


REPRODUCIBILITY OF RICE PLANTS GROWN INDI- 
VIDUALLY IN 20-CC. SHELL VIALS AND HAR- 
VESTED IN LOTS OF TEN. EXPERIMENT M-59. 
INITIAL WEIGHT OF PLANTS, 1.73 GM. 





Fresh weight|| Fresh weight 











Row no. fom. fen vl.) Row no. (eae pl.) 
Bec Vea 4.61 PROS cict a oar 3.83 
ee B80: MORES 5c. 5 is.05:5 4.09 
oY 3.74 fe Sere 3.62 
> aU ree 3-95 03 sees 4.10 
Rie aninaine 4.26 GR (caw sos | 3.98 
Birra kee 4.27 MG asia 6a ae ¥36 | 4.59 
7 3.9% | fe CAR eg raee 4.20 
Be are eres 3.50 iS foresee | 4.62 
Se 4-74 a oer 05 
Ree Ate. HUAN suas | teas 


the experiment and the length of time 
which the plants were to be grown. With 
the plants in crocks or cans, sand was 
used as a substrate. The containers were 
without bottom drainage and were filled 
with nutrient solution so that the roots 
were completely submerged. The nu- 
trient was drained out and replaced by 
fresh at intervals of 1-14 days in the 
various experiments. Plants could be 
grown to maturity in the 1-gallon crocks 
and could be grown for 30-60 days in the 
15-quart cans. Many of the experiments 
were, however, done with seedling plants 
grown over a period of onty 2 weeks, for 
reasons which will become apparent be- 
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low. In these experiments the rice seed- 
lings were transplanted singly to 20-cc. 
shell vials containing 15 cc. of nutrient 
solution and stoppered with corks. Each 
plant was held in place in a slit in the 
side of a cork, and each cork was further 
provided witha small central hole for the 
addition of water. These vials were con- 
tained in lots of twenty in boxes so con- 
structed that the vials and hence the 
roots of the seedling were kept in dark- 
ness within the box. Plants so cultured 
were grown in the air-conditioned green- 
house for 2 weeks at a constant tempera- 
ture of 80° F. Growth under these condi- 
tions was in general excellent, the fresh 
weight of plants approximately doubling 
during the 2-week period. 

The degree of variability between lots 
of rice seedlings grown in vials is shown 
in table 1. Each figure represents the 
fresh weight at harvest of ten rice 
seedlings grown for 2 weeks as outlined 
above. The weights differ from the over- 
all mean by an average of 7% of the 
mean. 

The manure used in this investigation 
was a well-rotted, air-dry, ground, com- 
mercial steer product. The nutrient solu- 
tions used were based on those described 
by HoaGLanp and ARNON (g) and by 
VICKERY et al (18). The HOAGLAND solu- 
tion supplies all the nitrogen as nitrate, 
while the VICKERY solution supplies all 
the nitrogen as ammonium (table 2). In 
both cases the nutrient was diluted to 
one-half of the standard concentration, 
since other work, not here described, has 
established that young rice plants have 
only a relatively low tolerance to salts. 
The initial pH of the nitrate nutrient was 
5.5, of the ammonium nutrient 6.2. 


Results 


PRELIMINARY INVESTIGATIONS.—It is 
generally known that ammonium salts 
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are more readily utilized than nitrates by 
young rice plants as a source of nitrogen. 
This has been noted by KELLNER (11), 
NAGAOKA (13), KELLEY (10), Esprno 
(7), TRELEASE and PAULINO (17), THE- 
LIN and BEAUMONT (16), and ParDo 
(14), among others. KELLEY has shown 
(10) that in rice-paddy soils nitrate for- 
mation is slow and that nitrogen tends to 
accumulate as ammonia. Preliminary ex- 
periments confirmed the preferential 
utilization of ammonium nitrogen by 
rice. Plants supplied with nitrate in the 
standard nutrient grew poorly and 
showed typical symptoms of nitrogen 
deficiency while those supplied with am- 
monium nitrogen grew vigorously and 
showed only slight symptoms of nitrogen 
deficiency. Incorporation of solid manure 
in the sand of sand cultures resulted in 
increased growth of plants either in 
nitrate- or in ammonium-containing nu- 
trient solution (table 3). The manure was 
mixed in the sand with which the con- 
tainers were filled, and the nutrient was 
drained out and renewed once per week. 
Ten per cent by volume of manure mixed 
in the sand gave approximately the op- 
timum effect in increasing growth, and 
this effect was reflected in height, num- 
ber of tillers, and weight of plants pro- 
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duced. Similar results were obtained in 
two further experiments with nitrate nu- 
trient. In another series of experiments, 
the addition of manure to ammonium 
nutrient cultures resulted in better 
growth than could be achieved by varia- 
tion within wide limits of the major ele- 
ments in composition of the nutrient 
solution. For this purpose in one experi- 
ment use was made of a triangular design 
in which ammonium, potassium, and cal- 
cium were varied with respect to one an- 


TABLE 2 
COMPOSITIONS OF NITRATE- AND AM- 
MONIUM-CONTAINING NUTRIENT 
SOLUTIONS USED 


MOLARITY IN NUTRIENT 


SaLt* PS Ammoni- 
Nitrate- 
P um-con- 
containing ee 
° taining 
nutrient 7 
nutrient 
Calcium nitrate. . . ©.0025 ee 
Calernm CHIONGE. . 5c scat ©.0045 
Magnesium sulfate ee .OOI .OO1 
Potassium nitrate. . 0025 4 
Ammonium sulfate. ..... 0045 
Potassium dihydrogen phos 
WN oa ok ccicegemensans ©.0005 | 0.003 


* In addition, micronutrients were added to supply the fol 
lowing concentrations: Fe, 1 p.p.m.; B, 0.5 p.p.m.; Mn, 0.5 
p.p.m.; Zn, 0.1 p.p.m.; Cu, 0.2 p.p.m.; Mo, o.1 p.p.m. 


TABLE 3 


EFFECT OF MANURE ON GROWTH OF RIC 


HOAGLAND’S SOLUTION AS NUTRIENT. 
DOMIZED PLOT DESIGN. EXPERIMENT 
MATELY 10 CM. 








E IN SAND CULTURE. ONE-HALF STRENGTH 
EIGHTEEN PLANTS PER TREATMENT. RAN- 
M.-1. INITIAL HEIGHT OF PLANTS APPROXI- 











HEIGHT OF PLANT IN CM. AFTER No. oF bene 
| | WEIGHT 
TILLERS | (0 7 pt.) 
=e eae : AFTER | 
| pays | AFTER 
| 11 days 25 days | 39 days 39 5 39 DAYS 
Control: nutrient G6IY 5.65.5 cc ie eee 10.4 13.5 | 17.0 3 2.49 
5% manure in sand by volume.......... 15.9 19.6 21.9 a9. |.) 3558 
10% manure in sand by volume.........| 18.4 22.6 26.8 s.9 | 16.92 
25% manure in sand by volume.........}| 14.3 20.9 27.7 4-4 9.53 
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other while the anions sulphate, chloride, 
and phosphate were maintained at con- 
stant concentrations. Table 4 gives the 
compositions of the three stock solutions 
employed; these three solutions were 
combined by ninths to obtain nineteen 
different nutrient solutions. Rice seed- 
lings were transplanted from flats to 1- 
gallon crocks, two plants per crock, and 
arranged in randomized design with four 


TABLE 4 


. COMPOSITION OF THREE STOCK SOLUTIONS USED 

IN MAKING UP A NUTRIENT TRIANGLE FOR 
VARIATION OF AMMONIUM, CALCIUM, AND 
POTASSIUM IONS 


Stock solu- | Stock solu- | Stock solu- 
tion A* tion B* 
Salt (ammonium | (potassium 


tion C* 
(calcium 
stock milli- | stock milli- | stock milli 
mols/liter) | mols/liter) | mols/liter) 


(NH,)2SO, 3 
NH 4H2PO, 2 
NH,Cl CM CEA ee 
Mgs0O, I : 
K2SO,4 . ee Coe toe 
KH2PO; Jel 2 
KC] 6 
MgSO, hese ee 
DEI eos ser oki dare Dios pce eed ie 3.0 
Ca(H,PO,), 1.0 
CaCl). rs 
MgSO, 1.0 

* Each stock solution additionally received minor elements 


in the concentrations given in table 1. 


plots. Each of the nineteen nutrient solu- 
tions was tested on eight crocks (sixteen 
plants). Growth took place in the green- 
house, and the nutrient was renewed 
every 1~2 weeks. In addition to the sev- 
eral nutrient solutions, a twentieth treat- 
ment was included in which manure was 
incorporated in the sand (10% by vol- 
ume) and to which solution no. 9 (equal 
volumes of the three stock solutions) was 
added. Growth was allowed to continue 
until the grains were filled and mature. 
Because the experiment was started in 
late summer, flowering and seed setting 
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took place while the plants were still 
relatively small. The plants were har- 
vested, dried, and weighed. Results are 
given in figure 1. It is apparent that the 
high nitrogen treatments allowed greater 
growth of plants than treatments which 
supplied less nitrogen. However, the ad- 
dition of manure allowed more vigorous 
growth than any other treatment in both 
total dry weight and yield of grain. This 
effect of added manure was manifest 
within 1 week of the inception of the ex- 
periment. 

The experiments of table 3 and figure 
1, confirmed in detail in four further ex- 
periments with rice in sand culture, es- 
tablish an influence of manure on the 
growth of rice. The nature of this influ- 
ence is the subject of the following sec- 
tions. 

GROWTH OF RICE SEEDLINGS.—In or- 
der to study the nature of the factors in 
manure which promote the growth of 
rice, use was made of rice seedlings 
grown in 2o0-cc. shell vials as described 
above. The influence of pH of nutrient 
was investigated in an experiment in 
which ammonium nutrient was buffered 
at various pH levels with phosphate 
buffer. Acidity of the nutrient appeared 
to be without great effect over the range 
of pH 4.5~—7.0 (table 5). Similarly, growth 
of rice under these conditions did not 
appear to be limited by the concentra- 
tion of available iron, since increasing 
the iron concentration by four times in- 
creased growth by less than 10%. Similar 
investigation of each of the micronu- 
trients showed that no increase in con- 
centration of any of them significantly 
affected growth under the conditions of 
the experiments. 

Table 6 gives the results of an experi- 
ment in which additional ammonium 
was added (as ammonium sulfate) to the 
nutrient solution. Only small increases 
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FIG. 1. 
sand culture: . 
16.86 gm. /2 ep 


, dry — in gm. 


; seed wt., 8.98 gm./2 pl. 


in growth resulted from increasing the 
concentration of ammonium in the me- 
dium. An oe of ammonium by 
more than about 2 25° Zo above the concen- 
tration in the basal medium resulted in 
the appearance of toxicity symptoms. 
Nitrate-nitrogen appeared to be inca- 
pable of supporting the growth of rice 
seedlings under the present conditions 
(table 11). 

ACTIVITY AND FRACTIONATION OF MA- 


NURE.—-Addition of manure to rice 
grown in vials with ammonium nv- 
trient resulted in increased growth (ta- 


ble 7). Addition of 200 mg. dry weight 
of screened manure per rice plant in- 
creased growth, as measured by fresh 
weight, by 38% over the control plants 
aiter a period of 2 weeks. The manure 
was therefore subjected to fractionation 
by various procedures, one of which was 
exhaustive extraction with acetone in a 
Soxhlet extractor. Table 7 shows that the 
solid manure residue left after extraction 


2 pl. B, seeds in gm./2 pl. 


El TET [EL 1 ES 


gry oe experiment on effect of nutrition on growth and seed production of rice plants in 


Solution no. 9 plus manure: dry wt., 


TABLE 5 
EFFECT OF VARYING PH ON GROWTH OF RICE 
SEEDLINGS IN VIALS. 0.025 M PHOSPHATE BUF- 
FER IN AMMONIUM NUTRIENT. EXPERIMENT 


M 10 
FRESH WEIGHT IN GM./IO PL 
PH oF No. oF 
NUTRIENT PLANTS 
Stems Roots Total 
4.5 20 I.14 I.45 2.59 
5.90 20 1.29 Les 2.80 
o.5 20 1.08 1.15 2.23 
6.0 20 I.og I.22 aan 
6.5 20 r.26 1.55 2.80 
7.0 20 I.10 1.07 2.47 
7-5 20 0.99 0.95 1.94 
5.0 20 0.04 0.80 ey 


is even more effective than the original 
manure, since an aliquot of the residue 
which represented 200 mg. of initial 
caused an fresh 
weight above the controls of 106%. The 
material extracted by acetone, on the 
other hand, was found to be toxic. It 
would appear, therefore, that acetone 


manure increase in 
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removes some toxic material from the 
manure, resulting in an enhancement of 
the growth-promoting activity of the 
residual acetone-insoluble material. 
Only a small portion of the growth- 
promoting activity of manure is soluble 
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mainly associated with the solid portion 
of the manure. 

INFLUENCE OF KNOWN SUBSTANCES ON 
RICE.—The fact that water extracts of 
manure are ineffective in promoting 
growth of rice indicates that the active 


TABLE 6 


EFFECT OF VARIOUS CONCENTRATIONS OF AMMONIUM SULFATE ON GROWTH OF 


RICE SEEDLINGS IN VIALS-IN AMMONIUM NUTRIENT. EXPERIMENT M-37 


| 
Amount oF N as NHg FRESH WEIGHT IN 
| 


(MG./PL.) GM./10 PLANTS 
ADDENDUM Nl — 4 
ee | 
- basal | Added Total Total | Growth 
nutrient | | 
Initial (approx.).. Ld Su AN ER ahctahe gO ees eek eM | sik Sets wales Saves 5700) Winkay acs 
Final contzoils.............. - 1.80 | 0.c0 1.80 3.92 1.86 
+ o.2 mg. (NHyx)2 SQy......... .| 1.80 | 0.046 1.85 3-65 1.79 
+ 0.6 mg. (NH4)2 SOQy.......... sade) VBS) Bose 1.94 | 4.16 2.30 
+ 2.0 mg. (NH4)2 SO,....... : 1) £380 0.46 2.26 | 3.60 1.74 
+ 6.0 mg. (NH4)2 SO, (M-45)-.. 1.80 1.40 3.20 (ic a ee 
+20.0 mg. (NH4)2 SO... : 1.80 | 4.60 6.40 ci ae 





TABLE 7 


~ 


EFFECT OF VARIOUS FRACTIONS OF MANURE ON GROWTH OF RICE SEEDLINGS 


IN VIALS. EXPERIMENT M-11. 


AMMONIUM NUTRIENT 





AMOUNT 
OF MANURE 
TREATMENT REPRE- 
SENTED 
(mG.) 
Initial slants Ceapen: | eee Rees Daten ee, i 
UAT Ens gs om Rae ra aare ot (ener ome tea 
Initial manure. of By ates 200 
Water- extracted : manure. vee 200 
Acetone-extracted manure. eee 200 
Acetone extract. 200 
Water extract of acetone- extract- 
cb | ele oe ee ae 200 








No. oF 
PLANTS ae eae = | or 7 
Tops Roots | Total | Growth 
beats Sopra eee 2.23 Bere 
7o 2.607 I.go | 4-57 | 2.34 
fe) 2.60 | 2.85 5-45 422 
10 2.70 a. 92 5-43 3.20 
IO 3.46 | 3.58 7.04 4.81 
10 1:66 | 1.32 2:98 Toxic 
| | 
| 
10 2.74 | 2.39 | 5.13 | 2.90 
{ 





in water, and, on the contrary, manure 
retained its growth-promoting activity 
after exhaustive water extraction. Ex- 
periments with rice in sand culture 
rather than in vials confirmed this water 
insolubility of the principle which pro- 
motes the growth of rice. The growth- 
promoting factor would appear to be 


principle of manure cannot be a vitamin 
of the B group such as has been found to 
influence the growth of certain plants 
in some cases (3, 4, 5). Table 8 shows 


that thiamin, pyridoxin, nicotinic acid, 
pantothenic acid, and biotin were all 
without influence on the growth of rice. 
Yeast extract, on the contrary, was ex- 
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ceedingly effective in increasing growth. 
Various other known chemical com- 
pounds were tried in numerous experi- 
ments. All nonnitrogenous substances 
tested were found to be ineffective (table 
9). Nitrogen-containing compounds, on 
the contrary, were effective in increasing 
growth of seedling rice plants, as shown 
in the summarized data of table to. 
Three amino acids and asparagin were 
effective, while peptone and egg albumin 
were particularly active. That it is ac- 
TABLE 8 
LACK OF EFFECT OF VARIOUS GROWTH SUB- 
STANCES ON GROWTH OF RICE SEEDLINGS IN 
VIALS. AMMONIUM NUTRIENT. EXPERIMENT 
M-22 


FRESH WEIGHT IN 


No. GM./10 PLANTS 
ADDENDUM OF = a 
PLANTS 
Tops | Roots | Total 
None (control)... . 40 | 2.38] 2.53] 4.91 
Bi, roy/vial.... 20 | 2.36. {2.76 | 5.54 
Be, 10oy/vial.... 20 2.42 | 2.45 | 4.87 
Nicotinic acid, 
IGY/VIMs...<ciats| 3 2.40 | 2.52 | 4.92 
Pantothenic acid, 
1oy/vial.. .| 20 2.20 | 2.74 | 4.94 
Biotin, o.ory/vial 20 | 2.41 | 2.37 | 4.78 
Yeast extract, 40 | 
mg./vial. . wseee| 20 | 4.48 | 4.90 | 9.47 
tually the nitrogen of nitrogenous or- 


ganic compounds which is of importance 
in the response of rice plants is indicated 
by the experiment of table 11. In this ex- 
periment rice plants were grown in nu- 
trient solution containing nitrate as the 
source of nitrogen. In the basal nutrient 
essentially no growth took place during 
the 2-week experimental period. Addi- 
tion of further nitrate to the medium was 
without effect. Addition of ammonium 
sulfate, of yeast extract, or of egg al- 
bumin resulted in substantial growth. 
Thus, the nitrogen of organic compounds, 
even of egg albumin, is apparently avail- 
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to 
~~! 
w 


able to rice plants under the present ex- 
perimental conditions. Similar results 
were obtained with seedlings grown ina 
nitrogen-free medium.” Under these con- 
ditions, manure or egg albumin was able 


TABLE 9 


INFLUENCE OF VARIOUS NITROGEN-FREE COM- 
POUNDS ON GROWTH OF SEEDLING RICE 
PLANTS IN VIALS. AMMONIUM NUTRIENT. 
SUMMARY OF VARIOUS EXPERIMENTS 

| - ¥ 
| CONCENTRATIONS | Final 
| | | FRESH 
| No. or | | WEIGHT AT 
: | exerts. | Highest | nicHEST 
SUBSTANCE | | 
IN WHIC H) Range | non- NONLETHAL 
TESTED | tested | lethal CONC. 
(mg./vial) conc. % OF 
(mg./vial)| CoNTROL) 

Glucose.....| 1 10| 10 g2 

Sucrose......} 2 10-40 | 10 50 

Starch. ..... a. 10 10 92 

Malic acid...| 3 I-10 | 10 QI 

Pyruvic acid. | I | 10 | 10 102 

Malonicacid.| 2 | 3-10) 3. «| 74 

Fumaric acid. 3 3-10 | 10 102 

Citric acid...) 5 I-10 5 102 

Succinic acid.| 5 I-10 . 99 


TABLE 10 
INFLUENCE OF VARIOUS NITROGEN-CONTAINING 
COMPOUNDS ON GROWTH OF RICE SEED- 
LINGS IN AMMONIUM NUTRIENT. SUMMARY OF 
VARIOUS EXPERIMENTS 


Growth in 





Concen- . 

‘ fresh 

Substance Expt. no. ee weight 

used ca 

(mg./vial) sonnel 
Asparagin........ M-22 | 10 «| 195 
Aspartic acid... M-32 | 3 131 
Glycine.... | Bee | 10 152 
Glutamic acid....| M-31 | 10 200 
Peptone..........| M-39 | 20 232 
Egg albumin... M-39 20 271 


to serve as the sole source of nitrogen for 
the growth of rice plants (table 12). 


2 The nitrogen-free nutrient used in this and sub- 
sequent experiments contained MgSO,, .co1 M; 
KH,PO,, .003 M; CaCl,, .oo2 M; minor elements 
and iron as shown in table 2. 
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Table 13 gives a quantitative compar- 
ison of the effectiveness of various sources 
of nitrogen in supporting the growth of 
rice in ammonium-containing nutrient. 
In the experiment of table 13, good 
growth was made by plants growing in 
the basal nutrient medium which sup- 
plied 1.8 mg. nitrogen per plant as am- 


[DECEMBER 


growth added significantly more nitro- 
gen. Thus, addition of 20 mg. of egg 
albumin per plant added 3.3 mg. of 
nitrogen or approximately 1.5 times as 
much nitrogen as could be added as am- 
monium sulfate without toxicity. 

The data obtained thus far can then 
be interpreted as follows. Rice plants 


TABLE 11 
EFFECT OF VARIOUS FORMS OF NITROGEN ON GROWTH OF RICE SEEDLINGS IN VIALS. 
BASAL NUTRIENT HOAGLAND’S DILUTED 2X, NITRATE AS NITROGEN 
SOURCE. EXPERIMENT M-38 


ADDENDUM No. 01 

PLANTS 
Enitial MIRNIS:. . occ. eee saa eees 70 
Pana GORGO!. 5... 5205 5 2 as 40 
+KNO,, 10 mg./pl........... ite) 
+(NH4)2 SOx, 2 mg./pl......... 10 
+yeast extract, 40 mg./pl...... 10 
+egg albumin, 20 mg./pl..... 10 


TABLE 12 
MANURE AND EGG ALBUMIN AS SOLE SOURCES OF 
NITROGEN FOR GROWTH OF SEEDLING RICE 
PLANTS IN VIALS. NITROGEN-FREE NUTRIENT. 
EXPERIMENT M-56 


FRESH WEIGHT IN GM./10 PL. 


No. o! 
ADDENDUM : 
PLANTS 
Tops | Roots | Total Growth 
Initial plants = faa (eran ter REN recess 
Final control 50 | 0.78 | 0.74 | 1.52 
+100 mg. ma 
nure as 10 | 1.44 | 1.63 | 3.07 | 1.29 
+20 mg. egg | 
albumin...| 10 PLT) | Daz 13.06: | 1,46 


monium sulfate. The addition of more 
nitrogen as ammonium sulfate exerted 
but little effect on growth, particularly 
since the amount of nitrogen which could 
be added was small owing to the toxicity 
of ammonium sulfate (table 6). Addition 
of nitrogenous organic mf&tter in the 
quantities found to be beneficial to 


FRESH WEIGHT IN GM./10 PLANTS 


Tops Roots | Total Growth 

‘ . 1.05 Stacatan gh orcas 
0.95 0.77 1.72 0.07 
1.03 0.79 1.82 0.17 
2.78 1.98 4.76€ ee 
3.01 2.06 5.07 3.42 
2.00 aS | 4.39 2.74 


grown in solution or sand culture require 
ammonium nitrogen. The amount which 
they are able to utilize over an experi- 
mental period of 1-2 weeks is greater 
than the amount which can be supplied 
without toxicity under the present con- 
ditions, owing to the high concentrations 
of ammonium sulfate. The nitrogen de- 
ficiency thus induced can apparently be 
met with other forms of reduced nitrogen 
which may be introduced into the me- 
dium. The nitrogen deficiency can also 
be overcome simply by frequent periodic 
renewal of the nutrient solution. Table 
14 shows that if the solution was re- 
newed daily or on alternate days, sub- 
stantially more growth of rice seedlings 
took place than when the nutrient was 
renewed at less frequent intervals. 

It is well known that pH of the me- 
dium is influenced by the form in which 
nitrogen is supplied, ammonium-con- 
taining media tending to become more 
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acid as nitrogen is utilized and nitrate 
media tending to become more alkaline 
under the same circumstances. The influ- 
ence of organic nitrogen on the growth of 
rice is not, however, exerted through 
effects on pH of the medium, as was 


5 


egg albumin. These quantitative aspects 
were verified in an experiment, sum- 
marized in figure 2, in which the effects 
of varied concentrations of manure and 
egg albumin were compared. In both 
cases addition of 1 mg. of nitrogen per 


TABLE 13 


COMPARISON OF EFFECTIVENESS OF VARIOUS SOURCES OF NITROGEN IN PROMOTING 


GROWTH OF RICE SEEDLINGS IN VIALS. 


AMMONIUM NUTRIENT. BASAL MEDIUM 


CONTAINS APPROXIMATELY 1.8 MG. AMMONIUM NITROGEN PER PLANT. EXPERI- 


MENT M-39 


FRESH WEIGHT IN 
GM./10 PLANTS 


AMOUNT OF Amount oF N 
ADDENDUM os me 

ADDENDUM IN ADDENDUM 

Total Growth 
Initial plants Pre te ae Sonera 2.14 ate 

Final control plants. . ' None 3.67 1.53 
Ammonium sulfate 2 mg. 0.46 mg. 4.03 1.89 
Egg albumin 20 mg. 3.30 mg. 6.29 4.15 
Peptone ; 20 mg. 3.30 mg. 5-09 3-55 
Acetone-extracted manure (from M-32) 300 mg. 3.42 mg. 6.28 4.14 


shown by experiments in which the me- 
dium was buffered at pH 5.5 with phos- 
phate buffer. Under these conditions the 
pH of the nutrient medium changed at 
most by 0.5 pH unit during the growth 
period of 2 weeks. Egg albumin and ma- 
nure exerted their characteristic effects 
in increasing growth in the buffered 
medium. 

THE ACTIVE PRINCIPLE OF MANURE.— 
Nitrogen analyses were carried out for 
the various nitrogenous compounds con- 
tained in the well-rotted manure. Ace- 
tone-extracted manure contained over 
1% nitrogen. Of this nitrogen, 93% was 
in the form of hot-water-insoluble com- 
pounds, proteins, etc., and only 7% in 
water-soluble form. In table 13 it was 
shown that addition of nitrogen to rice 
seedlings in the form of acetone- 
extracted manure exerted an effect quan- 
titatively similar to that exerted by 
adding the same amount of nitrogen as 


TABLE 14 
EFFECT OF VARYING FREQUENCIES OF NUTRIENT 
RENEWAL ON RATE OF GROWTH OF RICE 
SEEDLINGS IN VIALS. AMMONIUM NUTRIENT. 
EXPERIMENT M-58. EACH FIGURE BASED ON 
TWENTY PLANTS 


FRESH WEIGHT 
FREQUENCY OF IN GM./I0 PL. 


TREATMENT 


NUTRIENT 
RENEWAL 
Total | Growth 
Initial plants. irenetaaaal) Se err 
Grown 2 weeks. ..| Once/14 days} 4.34 2.34 
Grown 2 weeks Once/7 days 4.28 2.28 
Grown 2 weeks Once/4 days 4.45 2.45 
Grown 2 weeks. ..| Once/2 days 5-97 3.97 
Grown 2 weeks. ..| Once/day 7.606 5.66 


plant resulted in a substantial growth 
increase; addition of 3 mg. gave a larger 
increase, while addition of 10-11 mg. 
was toxic. Thus, the effects of manure 
and of egg albumin on growth of rice are 
quantitatively similar, on a nitrogen 
basis, even though fifteen times as much 
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weight of manure is required to supply a 
given amount of nitrogen as is required 
in the form of egg albumin. 

It has been shown that the water ex- 
tract of acetone-extracted manure is 
scarcely effective in promoting the 


100F 


w 
Oo 





GROWTHIN % OF GONTROL 





10 30 
MGS. N. PER PLANT: MANURE OR ALBUMIN 
Fic. 2.—Effects of supplementary nitrogen, 
supplied as manure or as egg albumin, on growth of 
rice seedlings in vials in ammonium nutrient. Solid 
circles represent manure; open circles represent egg 
albumin. 


TABLE 15 
NONAVAILABILITY OF NITROGEN OF EGG AL- 
BUMIN FOR SEEDLING RICE PLANTS GROWN 
IN ASEPTIC CULTURE. EXPERIMENT M-53. 
PLANTS GROWN IN NITROGEN-FREE BASAL NU- 
TRIENT 





| Fresh 


| | 
| Mgs. N | — weight 
Addendum Mg./Cc.| per ed after 
| | | plants 
| plant 30 days 
(gm./1opl.) 
None. bs cen er eer | 40 E23 
Ammonium sul-| 
SN (= Ss.- 1.0 40 1.68 
Egg albumin...} 0.5 0.8 40 P31 











growth of rice and that the activity 
resides in the water-insoluble residue 
(table 7). As shown above, also, very 
little of the nitrogen of manure is water 
soluble. This fact is then in accordance 
with the view that the growth-promoting 
activity of manure for rice resides in the 
nitrogenous compounds of the manure. 
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It would appear highly unlikely that 
rice plants should be able to utilize the 
nitrogen of protein directly. That bac- 
teria may intervene in making protein 
nitrogen available for rice plants is indi- 
cated by the experiment of table 15, in 
which rice plants were grown under 
aseptic conditions in test tubes. The test 
tubes were approximately 1 inch in diam- 
eter by 14 inches long, and in the bottom 
of each 2 inches of river sand was placed. 
To this was added a nitrogen-free basal 
nutrient with or without various ad- 
denda. The whole was stoppered with 
cotton, autoclaved, and inoculated with 
aseptic rice seeds. Growth was measured 
as fresh weight of plants produced after 
1 month. Growth in the nitrogen-free 
basal nutrient resulted in production of 
seedlings having symptoms of nitrogen 
deficiency. Addition of nitrogen as am- 
monium sulfate increased growth very 
considerably and relieved the symptoms 
of nitrogen deficiency. Egg albumin did 
not increase growth significantly and did 
not relieve the symptoms of nitrogen 
deficiency. Quantitatively similar results 
were obtained in a second experiment. It 
may be concluded that protein nitrogen 
is much less available under aseptic than 
under nonaseptic conditions. 


Discussion 


It is generally agreed that the addition 
of organic matter to the soil is essential 
to the maintenance of fertility over the 
years. The organic matter may be in the 
form of crop residues, cover crops, or 
farm manure; and the beneficial effects 
on crop yields may be determined not 
only in the field but in pot cultures, un- 
der experimental conditions. The nature 
of the effect of organic matter on soil fer- 
tility has, therefore, been the subject of 
intensive investigation. 

Work on soils in recent years has em- 

















1946] BONNER 


phasized the dominant role of soil struc- 
ture in soil fertility. That organic matter 
is essential to the formation and main- 
tenance of soil aggregates and structure 
has been shown by many workers and 
has been discussed in detail by BAVER 
(1), Russet (15), WILLIAMs (19), Mar- 
TIN (12), and others. Whether organic 
matter further influences plant growth 
by supplying specific organic compounds 
which are directly utilized by the higher 
plant and which benefit or influence its 
growth in any way is debatable. It has 
been demonstrated beyond any doubt 
that many plants can grow normally in a 
strictly inorganic medium. It has been 
claimed on various occasions that addi- 
tion of organic matter to inorganic nu- 
trient media has increased the growth of 
one or another species of plant. In each 
instance that has been carefully and fully 
investigated, however, this claim has 
turned out to be only partially true, in 
the sense that, by alteration of the in- 
organic nutrient or of the environment, 
conditions could be found under which 
response of the plant to organic matter 
disappeared. Thus BoTToMLey (5) failed 
to provide an optimum medium for the 
Lemna with which he worked. Addition 
of organic matter caused increases in 
growth of Lemna under his conditions, 
but later workers (CLARK and ROLLER, 6) 
showed that even better growth could be 
obtained by decreasing the salt content 
of the medium and making provision for 
increased available iron. BOTTOMLEY 
undoubtedly supplied iron in the organic 
matter which he added. Recent work 
with Spirodela by GORHAM (8) has again 
suggested a beneficial influence of or- 
ganic matter (manure), but no detailed 
analysis of the nature of the effect has 
been made. In a series of papers BONNER 
et al. (3, 4) described work which indi- 
cated that addition of certain pure or- 
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ganic substances increased the growth of 
various species of plants grown in sand 
culture with inorganic nutrient. These 
results have been confirmed only partial- 
ly by the work of others. It is clear that 
in the original experiments special condi- 
tions of environment and nutrition pre- 
vailed, conditions under which unusually 
large responses to the added organic sub- 
stances were obtained. In the case of 
Cosmos, which was investigated more 
intensively, alterations of the environ- 
mental conditions were at least as effec- 
tive as the addition of organic com- 
pounds in increasing growth (BONNER, 
2). Under conditions which allowed op- 
timal growth, no effects could be obtained 
from added organic substances. 

In the present work a systematic 
search was made for evidence as to 
whether organic matter, specifically ma- 
nure, might contain special organic sub- 
stances capable of causing increased 
growth of plants grown under the best 
possible environmental and nutritional 
conditions. Precautions were taken to 
rule out all effects of added manure on 
the physical properties of the medium. 
In all, sixteen species have been tested 
for response to manure. The tests have 
been carried out under a wide variety of 
conditions and have entailed over 120 
individual experiments, each experiment 
in turn involving from a few to over 600 
plants. Four cases were found in which 
the first experiment showed an apparent 
growth response to added manure, name- 
ly, Poa, Impatiens, beet, and rice. Repe- 
tition of the experiment failed to yield a 
duplicate result in the case of beet, while 
the effect with Impatiens was too small 
for further quantitative investigation. 
The effect of manure on Poa was, how- 
ever, analyzed in detail, and it was 


3 The experiments with Poa and Impatiens were 
carried out in co-operation with RoBERT DoRLAND. 
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shown that Poa, owing to a particularly 
high iron requirement, suffered from iron 
deficiency in the conventional nutrient 
medium. Addition of manure merely sup- 
plied available iron, and the added 
growth effect of manure could be dupli- 
cated by ferric sulfate or ferric tartrate. 
Similarly, the effect of manure on the 
growth of rice has been analyzed in de- 
tail. Rice is particularly adapted to uti- 
lize ammonium rather than nitrate nitro- 
gen, but even relatively low concentra- 
tions of ammonium are toxic to it. Sev- 
eral forms of organic nitrogen are avail- 
able to the rice plant, including protein. 
Manure is shown to function in rice nu- 
trition as a source of organic nitrogen 
and may serve as the sole source of nitro- 
gen or may supplement ammonium ni- 
trogen in the medium. Since the inter- 
vention of bacteria has been indicated to 
be probable in the utilization of organic 
nitrogen by rice, it is possible that or- 
ganic forms such as protein act as reser- 
voirs from which ammonia is slowly lib- 
erated by microbial activity. 

Even in the two cases of response to 
manure which were found, then, the 
growth response on analysis has turned 
out to be related to the nutrition of the 
plant, iron nutrition in one case, nitrogen 
nutrition in the other. No evidence was 
found in the present investigation for 
any important role of specific organic 
substances contained in manure in regu- 
lating plant growth. 


Summary 


1. Rice plants grown in sand or solu- 
tion culture were found to respond to the 
addition of manure with marked in- 
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creases in growth. This effect of manure 
could not be duplicated by variations of 
the composition of the major or minor 
elements of the nutrient solution within 
wide limits. A systematic investigation 
of the nature of the effect of manure and 
other kinds of organic matter on the 
growth of rice was therefore undertaken. 

2. The findings of earlier investigators 
that rice seedlings utilize ammonium 
rather than nitrate as a source of nitro- 
gen were confirmed. In addition, it was 
found that ammonium nitrogen is toxic 
to the rice seedling at relatively low con- 
centrations. 

3. Manure and other kinds of nitrog- 
enous organic matter are able to serve 
as sources of nitrogen for cultures of rice 
seedlings. The nitrogen of protein, pep- 
tone, and various amino acids is shown 
to be available to rice seedlings. These 
compounds are probably decomposed by 
micro-organisms before their nitrogen is 
utilized by the plant, since under aseptic 
conditions the nitrogen of protein does 
not appear to be utilized by rice. 

4. The influence of manure on the 
growth of rice under the present experi- 
mental conditions is shown to be quanti- 
tatively attributable to the organic nitro- 
gen content of the manure. The nitrogen 
of organic matter appears to serve as a 
supplement to the relatively low concen- 
trations of free ammonium salts which 
are tolerated by the plant. 

5. No evidence was found to suggest 
the presence in manure of a specific or- 
ganic substance important in plant 
growth. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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CHANGES WHICH OCCUR IN APPLE TISSUE UPON TREATMENT WITH 
VARIOUS AGENTS AND THEIR RELATION TO THE NATURAL 
MECHANISM OF SOFTENING DURING MATURATION’? 


JEAN H. GRIFFIN 


Introduction 

Changes which occur in the texture 
and firmness of apples on the tree and in 
storage are of great economic impor- 
tance. In order to make apples available 
to the consumer during extended periods, 
a great proportion of the crop is placed in 
storage in a “tree-ripe’” or relatively 
firm condition. The rate of softening may 
then be controlled, or at least retarded, 
by refrigeration or by modifying the at- 
mosphere within the storage (13) or 
both. 

* Approved by the Director of the New York 


State Agricultural Experiment Station for publica- 
tion as Journal Paper no. 679. 
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The firmness of an apple is one of the 
major factors which determines its com- 
mercial value. Changes in firmness dur- 
ing growth and maturation (5) may be 
followed by measuring the pressure nec- 
essary to force a plunger (10) into the 
apple (after careful removal of the skin), 
or by determining the tensile strength, 
i.e., the force required to pull to pieces a 
sample of tissue which has been cut ac- 
cording to standardized procedure (11). 
There are several reports in the litera- 
ture of such measurements used as an 
index of maturation of apples; these 
methods are very useful where numerical 
recordings are desirable. 
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Over one hundred years ago it was ob- 
served that unripe apples contain pectic 
substances which are insoluble in water 
and that, as ripening progresses, an in- 
creasing proportion of water-soluble pec- 
tic substances (9) appears in the tissue 
(1, 2). The latter are apparently formed 
from originally insoluble pectic con- 
stituents which are usually designated as 
‘““protopectin” and “‘cell-wall pectic con- 
stituents.’ It has been the general expe- 
rience among investigators that the 
softening of apple tissues, whenever it 
occurs or however it is induced, is ac- 
companied by pectic transformations of 
such a nature. 

It would be wrong to assume that 
changes in the pectic substances are en- 
tirely responsible for the changes in tex- 
ture. The size and shape of cells and 
undoubtedly many other factors have an 
influence on the firmness of the tissue. 
In apples the formation of new cells 
stops comparatively early in develop- 
ment and at that time the individual 
cells are strongly cemented together by 
the middle lamella which is composed of 
insoluble pectic materials. During ma- 
turation the middle lamella is reduced in 
quantity ; as a result, the adhesion of the 
cells to each other diminishes, and thus 
the tissue softens. It should be also borne 
in mind that chewing of a tissue consists 
mainly of pushing the cells (or clusters of 
cells) apart rather than of cutting the 
individual cells. 

Ever since the chemical changes oc- 
curring during softening of apples were 
first observed, it has been assumed that 
transformations in the pectic substances 
were caused by the action of enzymes. 
In spite of the efforts of many workers, 
there is no conclusive evidence that pro- 
topectinase and _pectin-polygalacturo- 
nase (pectinase) (6) actually occur in 
apples. During the last five years many 
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tests have been made in this laboratory 
by various methods to show the presence 
of protopectinase and pectin-polygalac- 
turonase (pectinase) in apples, but no 
results proving the presence of these 
enzymes could be obtained. 

These negative results lead to the as- 
sumption that pectic transformations in 
apples may occur through the action of 
nonenzymatic agents or chains of re- 
actions (8). It is known that poly- 
saccharides, including pectinic acid (pec- 
tin), may be degraded by ascorbic acid 
(vitamin C) or peroxides, with an espe- 
cially rapid reaction taking place when 
both agents are permitted to act simul- 
taneously (4). Ascorbic acid is naturally 
present in apple tissue (though at times 
in small quantities), and peroxides have 
also been assumed to occur in plant tis- 
sues, although likely only in a transient 
state. Furthermore, peroxides were 
shown to form during the nonenzymatic 
oxidation of ascorbic acid (14); thus the 
presence of ascorbic acid may give rise 
to peroxides and produce the system for 
degrading pectinic acids. 

Knowing that ascorbic acid and perox- 
ides, alone or in combination, are capable 
of degrading pectinic acids (pectin) into 
products which no longer come within 
the definition of pectic substances, it ap- 
peared that possibly the pectic changes 
in apples during maturation might pro- 
ceed, partly at least, through this mech- 
anism. Of even more fundamental inter- 
est is the question whether or not these 
chemical agents are capable of trans- 
forming insoluble pectic constituents 
(protopectin) into soluble ones (pectinic 
acids and pectins). Since no method is 
available for the preparation of pure 
protopectin, experiments were  per- 
formed with the apple tissue itself. 
Measurements of tensile strength, fol- 
lowed by analyses for soluble and in- 
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soluble pectic constituents, were made 
after treatments of the tissue with 
ascorbic acid, hydrogen peroxide, or 
both. In addition, some tests were made 
to determine the changes in firmness and 
chemical composition which were caused 
by treatment of apple tissue with dilute 
HCl solutions and with a commercial 
pectinase? known to contain high poly- 
galacturonase (pectinase) activity. 


Methods 


Webster apples grown on one tree in 
Geneva, New York, during the 1944 sea- 
son were used. Apples were picked fresh 
for each experiment until September 20, 
when all fruit was picked and put into 
storage at 1° C. After this date they were 
removed, as required, from cold storage 
and held at room temperature overnight 
before using. For measurement of tensile 
strength a cross-section, about 10 mm, 
thick, first was cut from the apple. From 
this disk dumbbell-shaped figures were 
cut out by a sharp form. These dumb- 
bells were made to exact thickness (7.8 
mm.) by placing them in a Petri dish and 
cutting with a sharp knife sliding along 
the edge of the dish. The dumbbells 
weighed 1.9 gm. and had a cross-section 
at the narrowest point, where breaking 
occurred, of 43.7 sq. mm. For the various 
treatments the dumbbells were sub- 
merged, usually in pairs, in 50 cc. of 
solution contained in a too-cc. beaker. 
Every set of samples used for tensile- 
strength measurements or analyses con- 
sisted of twelve dumbbells, obtained 
from at least three apples. The tensile- 
strength measurements were performed 
with the aid of the apparatus described by 
PERSONIUS and SHARP (11). Water was 
siphoned into the bucket weighing 146 
gm. at the rate of 3.2 gm. per second 

? Pectinol, manufactured by the Rohm and Haas 
Company of Philadelphia, Pa. 
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until the combined weight of the bucket 
and water tore the center of the dumb- 
bell apart. At this time the water was 
shut off and the weight of the water plus 
bucket measured. The twenty-four halves 
of dumbbells were placed in ethanol, 
which was boiled up and then set aside 
for chemical analysis. 

For analysis the sample (consisting of 
twelve dumbbells) was ground finely 
with approximately 12 gm. of sand and 
extracted with 200 cc. of water for 3 
hours at about 20° C. The sample was 
then centrifuged at 2500 r.p.m. for 20 
minutes in a no. 2 International Cen- 
trifuge, the extract poured off, and a sec- 
ond similar 30-minute extraction made. 
These two extracts were combined, made 
up to 500 cc. with water, and 200 cc. of 
this extract was then used for the precipi- 
tation of acid-ethanol-insoluble materi- 
als by a double volume of 95% ethanol 
acidified to give 0.05 W HCI in the final 
mixture. After standing overnight the 
precipitate was filtered off, washed with 
ethanol, dissolved in hot water, and the 
pectic substances determined as calcium 
pectate by the PoorE modification (12) 
of the CARRE-HAYNES method (3). 

The residue left from the water ex- 
traction was treated with o.o5 N HCl 
for 2 hours at 85° C. The liquid was fil- 
tered off and the process repeated four 
times. These five extracts were com- 
bined and made up to 1000 cc. with 
water. The pectic substances were then 
determined (as above) in 200 cc. of the 
extract after the removal, with ptyalin, 
of any starch which may have been pres- 
ent. 


Results 
The results of preliminary tests (table 
1) indicate that the tensile strength of 
apple tissue decreases throughout the 
season. The proportion of pectic sub- 
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stances (on the fresh-weight basis) de- 
creased continuously, although some- 
what irregularly. The percentage of wa- 
ter-soluble pectic substances showed an 
irregular tendency to increase. When the 
apples were held at room temperature 
for a week, there was a considerable drop 
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setting of the osmotic equilibrium in the 
tissue, resulting in some plasmolysis. As 
shown in tables 1 and 2, the effect on 
tensile strength of soaking in water alone 
was great enough to interfere with the 
clarity of observations on the effects of 
chemicals. The probable error of tensile- 


TABLE 1 


SEASONAL CHANGES AND EFFECT OF HOLDING AT ROOM TEMPERATURE OR SOAKING 
IN WATER ON TENSILE STRENGTH AND PECTIC CONSTITUENTS 
OF APPLES (WEBSTER VARIETY, 1944) 


PECTIC SUBSTANCEST 





| CHANGE x 
| TENSILE | IN TEN- | PROBABLE | 
Dati TREATMENT STRENGTH ERROR Water Water | | 
; . 2 | Water 
(GM./MM.?))| STRENGTH |(GM./MM.?); soluble soluble Total 
} ag ; | insoluble as 
(%) (%) (% of (m%) | (%) 
| total) 3 hed | 
8/15 ; oe taseaeel GRECO (100) +0.6 ie cal: eee | ae ee 
> | 
8/28 20.0 2 Oe: Oh CR RES Cater aeranY (ee gra oe 0.767 
DRRO te aoc belies oe waten Gaon s sees 7s (100) +0.7 | 0.066 16.6 | ‘o.§55 621 
| 
Inw ater for 60 min. :.< 66 Be odd Subtn ce Teconetie (er pine ek NEE Onan 
Q/27 k 
sae Held 1 week rcs 76 ARI a eels ocieainkath te ee eae 
| 
RNG 46a e bk ctemun eh ee eee 19.5 (100) se eo eare, Car weirs) (kr eee 750 
In water for 150 min 16.8 My SRE Re) See Rees eee EC) aCe a aca | 716 
In water for 300min.| 10.4 | 54 ise ear as Acts opine 
| | 
9/27 Pe a. ae (100) +0.7 .056 9.1 539 614 
ihe In water for 165 min. 0.4 67 £10 | .Cgo 13.9 557 | .647 
2 Held 1 week 5.0 2 5 of .089 13.8 | 559 .648 
10/16. SoMa oes etal Ree (100) $0.5 082 11.8 | .612 | .69 
10/23 Held 1 week a2 25 +0.0 .107 20.0 .448 | 535 
ROA ee eat ces Monee ae 2.8 .053 g.1 .529} .582 
| 
| 
Ry OP a lacaiaie PE Osan siete «9 4,5 wi Suorarn aera 4.0 100 i730 | -472 | 572 
: | 
Pa7R shan bs tats Pa aes Sie wee aie 3.7 0.087 15.9 0.469 | 0.550 
| 
* Apples picked and put into storage. 7 As calcium pectate, fresh basis. 


in tensile strength and an increase in the 
proportion of water-soluble pectic con- 
stituents. 

Treatments by various agents were 
performed by submerging the apple 
dumbbells in the solutions. It was noted 
that soaking in water alone decreased the 
tensile strength. The reason for this 
change must be, partly at least, the up- 


strength measurements in samples soaked 
in water was higher than in any other lot 
of twelve dumbbells. When buffer solu- 
tions were used, tensile strengths of the 
dumbbells dropped much less than in 
water. The important point is, however, 
that the decrease of tensile strength in 
samples soaked in water was accom- 
panied only by a small increase in the 
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proportion of soluble pectic substances, 
while the percentage of total pectic sub- 
stances did not change materially. 
Table 2 also shows some typical re- 
sults obtained in tests made with as- 
corbic acid, hydrogen peroxide, pec- 
tinase, and HCl. In these experiments 
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drop in tensile strength when both hydro- 
gen peroxide and ascorbic acid were pres- 
ent. Although the proportion of total 
pectic constituents is irregular in these 
samples, those which were treated with 
both ascorbic acid and peroxide show a 
decrease. 


TABLE 2 


EFFECTS OF VARIOUS TREATMENTS ON TENSILE STRENGTH AND PECTIC 
SUBSTANCES OF APPLES (WEBSTER VARIETY, 1944) 


PECTIC SUBSTANCEST 


‘a TENSILE PROBABLE . 
EXPERI- iss TIME 
DATE TREATMENT* STRENGTH ERROR - 
MENT NO. MIN.) - - , Water 
(Gm./MM.?) | (GM./MM.?) Water Water : 
soluble | . Total 
soluble sias insoluble 
; (% ot : 
total) 
I 8/15 | 1. water 150 15.9 0.784 
2. H.0: (1.5%) : 15.1 760 
3. AA (0.5%) : 11.3 855 
| 4. (2+3) ia 9.0 524 
5. water 300 12.5 751 
6. as 2 fi 9.3 718 
| 7-a83 ye 10.2 . 807 
| 8 as4 ns 4.0 467 
2 9/1 Water 150 | 16.8 0.124 17 0.592 716 
o.oo1 NV HCl ss 12.6 117 10.7 583 700 
o.o1 N HCl . 8.9 
Deen 9/27 | (Control) ” 15.6 to.7 056 9.1 530 614 
I. water 165 10.4 1.6 ogo 13.9 557 647 
2. Buffer pH 3.3 ¥ 12.9 102 13.7 645 747 
3. E (0.25%) as 6.4 +0.6 097 16.7 483 580 
5. AA (0.1%) ‘3 8.7 +o0.6 167 20.9 492 559 
6. AA (0.05%) 0.9 +0.7 154 24.9 465 619 
7. H.0: (3%) : 9 +0.6 259 | 44.0 330 589 
8. H.0, (1.5%) 10.6 +0.7 229 37-7 379 608 
9. (5+8) 7 7.2 +0.4 228 50.6 223 451 
| 10 (6+7) . 7.9 +0.4 209 38.8 330 530 
11. (5+7) ss 6.8 +0.4 170 32.6 351 521 
| 12. (6+8) ss 7.5 +0.4 0.160 | 31.1 0.355 | 0.515 
* AA=ascorbic acid; E=commercial pectic enzyme pectinase). ¥ As calcium pectate, fresh basis 


the treated dumbbells were compared 
with those soaked in water or, in the last 
experiment (no. 3), in water and buffer 
solution (pH 3.3) for corresponding pe- 
riods. 


The first experiment showed a definite 


In order to ascertain just how much 
the acidity of the ascorbic acid may have 
affected the tensile strength and the to- 
tal proportion of pectic constituents, 
some dumbbells were soaked in solutions 
of hydrochloric acid. As shown in experi- 
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ment 2 (table 2), concentrations corre- 
sponding in pH (even if not in ionic 
strength) to the ascorbic acid solutions 
used caused some change in tensile 
strength but no change in distribution 
and total quantity of pectic constit- 
uents. 

The most important set of data is that 
obtained in experiment 3. A 0.1 M phos- 
phate buffer solution was used in all 
these mixtures to maintain the pH at 3.3. 
The use of this buffer resulted in 17% 
less drop in tensile strength than when 
water was used for the soaking (33% 
drop). All other solutions were made in 
such buffer, and all mixtures were ad- 
justed to pH 3.3. 

The enzyme treatment lowered the 
total pectic content, with an accompany- 
ing increase in soluble pectic constitu- 
ents. Every treatment with ascorbic 
acid, hydrogen peroxide, or both, in- 
creased the proportion of soluble pectic 
constituents and decreased the percent- 
age of total pectic constituents. These 
changes were in every instance accom- 
panied by a decrease in tensile strength 
of the apple tissue. The drop in tensile 
strength and the drop in total pectic 
constituents are greatest where both 
ascorbic acid and hydrogen peroxide 
were used simultaneously and approxi- 
mate the results obtained when the com- 
mercial pectic enzyme was used. 


Discussion 


The results of several investigators 
(4, 8) proved that ascorbic acid or per- 
oxides, and especially ascorbic acid and 
peroxides together, can rapidly degrade 
soluble pectic compounds like pectinic 
acids (pectins). The relationship between 
protopectin, the major insoluble pectic 
constituent of plants, and soluble pectic 
substances is still not clear, but there is a 
distinct possibility that protopectin is 
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rendered soluble by the action of heat, 
acids, or enzymes through a partial hy- 
drolysis which would diminish its origi- 
nally large molecular weight (size) (7). 
Treatment of insoluble pectic constitu- 
ents of apples with hydrogen peroxide 
and ascorbic acid results in an increase 
in soluble pectic substances in the apple 
tissue. The soluble pectic constituents 
are then further degraded into com- 
pounds which will no longer come 
under the definition of pectic substances. 
It seems that in our experiments the 
latter reaction was slower than the rate 
of solubilization of the insoluble pro- 
topectin, since both the absolute amount 
and the proportion of soluble pectic con- 
stituents increased. Unfortunately, the 
mechanism of oxidative degradation by 
ascorbic acid and peroxides is yet so 
unclear that further speculation on these 
reactions is hardly warranted. 
Obviously, the treatments used in 
these experiments resemble only to a 
limited degree those processes which 
may occur naturally in the plant. Con- 
centrations of ascorbic acid and peroxide 
used in the experiments could not be as- 
sumed to be present in the fruit tissue. 
However, the purpose of the experi- 
ments was not an imitation of the 
changes as they occur in nature but 
rather to determine whether the changes 
which take place in the pectic constitu- 
ents of apples during growth and matu- 
ration could be artificially brought about 
by the nonenzymatic agents used. Ac- 
cording to the results obtained, this has 
been accomplished. As apples soften, the 
total pectic constituents decrease and the 
proportion of soluble pectic materials in- 
creases. Similar changes have been 


brought about in the tissue by the use of 
ascorbic acid, peroxide, or both. In na- 
ture these transformations occur during 
periods of weeks or months rather than 
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hours and thus might require much 
lower concentrations of the chemical 
agents than those used in the tests. 


Summary 


1. During the maturation and soften- 
ing of apples the tensile strength of the 
tissue and the proportion of the total 
pectic constituents decrease and the 
proportion of water-soluble pectic ma- 
terials increases. The same changes may 
be brought about by treatment of apple 
tissue with ascorbic acid or hydrogen 
peroxide and at a much faster rate by 
a combination of both agents. 


2. The results indicate that, in addi- 
tion to being able to decompose water- 
soluble pectinic acids (pectins), these 
agents are also able to solubilize the in- 
soluble pectic constituents (protopectin) 
of apples. 

3. While it appears that both pro- 
topectinase and polygalacturonase (pec- 
tinase) are absent from apples, the func- 
tions attributed to both enzymes may be 
performed by the nonenzymatic agents 
used in these experiments. 
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PRELIMINARY RESULTS WITH THE USE OF 2,4-DICHLOROPHENOXY- 
ACETIC ACID AS A SPRAY-OIL AMENDMENT" 


WILLIAM S. STEWART? AND WALTER EBELING? 


Introduction 

Spraying citrus trees with emulsions 
of oil in water is a standard practice in 
citrus-pest control. Such sprays are very 
effective and offer cost advantages over 
other methods of insect control. Oil 
sprays, however, may induce leaf and 
fruit drop (4). Die-back of small twigs, 
granulation, and water spot (1, 2, 5) are 
a few of the other indictments against the 
use of oil sprays. 

In general, there is an inverse correla- 
tion between the unsulfonated residue 
(U.R.) of the spray oil (4) and the 
amount of leaf drop, fruit drop, and die- 
back of small twigs. The higher the un- 
sulfonated residue, other factors being 
equal, the fewer these undesirable effects. 
For this reason the percentage of unsul- 
fonated residue in the oil has become an 
important specification of spray oils. Oils 
now used in California are go-94 U.R.., 
but even at these values leaf and fruit 
drop often occur to an undesirable extent 
after a single annual spraying. 

Plant growth-regulators are known to 
be very effective in preventing prehar- 
vest fruit drop of certain varieties of ap- 
ples (8). These substances have also been 
shown to prevent leaf drop from cut 
branches of several plant species (9, 11), 
and their use to decrease fruit drop in 
oranges has been indicated (6). These 
facts led to consideration of the use of 
plant growth-regulators as_ spray-oil 

™ Paper no. 547, University of California Citrus 
Experiment Station, Riverside, Calif. 
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amendments to limit the undesirable ef- 
fects of oil sprays. The present paper re- 
ports preliminary observations on reduc- 
tion in leaf and fruit drop as the result of 
adding plant growth-regulators to spray 
oil used on Washington Navel and Valen- 
cia orange trees. 


Experimentation 


EXPLORATORY TESTS 


Mature leaves on a Washington Navel 
orange tree were painted with undiluted 
spray oil with or without 0.1% 2,4-di- 
chlorophenoxyacetic acid (2,4-D). In 
this as in all subsequent work, the oils 
used corresponded to the California 
grade “light-medium” (52-61% dis- 
tilled at 636° F.). Table 1 lists other 
properties of these oils. To accentuate 
leaf drop, 60 (instead of 92) U-R. oil was 
used. The leaves painted with oil con- 
taining 0.1% 2,4-D were more securely 
attached to the stem after ro days than 
were those painted with oil alone. Re- 
peated tests gave similar results. 

Next, two branches on the same tree 
were given a drenching spray with the 
undiluted oil, with and without 0.1% 
2,4-D. Application was made with a 
I-quart continuous-pressure garden 
sprayer. Two weeks after spraying there 
was a striking difference between the two 
branches, the one treated with 2,4-D re- 
taining most of its leaves and fruit, in 
contrast to the other, which was com- 
pletely defoliated and had lost most of its 
fruit (fig. 1). This test was repeated twice 
with the same result. 
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Additional, comparable tests were 
made, using 2,4-D, as well as phenoxy- 
acetic acid, naphthoxyacetic acid, naph- 
thaleneacetic acid, and naphthalene 
acetamide, singly and in combination 
with 2,4-D. In these tests, as in others in 
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of 2,4-D, in limiting leaf drop, in oils of 
60, 71, 80, and g2 U.R. was also deter- 
mined. Concentrations of 0.005, 0.025, 
0.05, and 01% 2,4-D were prepared in 
each oil by dissolving 2,4-D in ethy] al- 
cohol and evaporating off the alcohol aft- 


TABLE 1 
PHYSICAL PROPERTIES OF THE LIGHT-MEDIUM NAPHTHENIC OILS USED 


IN PREPARING OIL-WATER SPRAY EMULSIONS 


Dai TEMPERATURE (° F.) FoR , 
UNSULFON- SAYBOLT 
DISTILLATION OF : REFRACTIVE 
ATED VISCOSITY GRAVITY 
OIL NO ——. ¥ 2 us INDEX 
RESIDUE AT 100° F 60°/ 60° F.) 20) 
(%) , (SECS.) ioe 
| 5% 90% 
I 60 570 698 75 | 0.925 1.516 
2 71 443 795 48 } . 887 I.490 
3 80 501 703 55 } . 883 1.485 
92 571 695 71 0. 886 1.482 











Fic. 1.*Branches of Washington Navel orange tree, showing effect on leaf and fruit drop of applying 
60 U.R. oil spray (/eft) undiluted and (right) with 0.1% 2,4-dichlorophenoxyacetic acid added. 


which various growth-regulating sub- 
stances were used to limit preharvest 
drop in certain varieties of apples (3), 
2,4-D alone was found to be the most 
effective. 


The minimum effective concentration 





er addition to the oil. The undiluted oils 
were sprayed, as described, on single 
branches. A separate tree was used for 
each concentration of 2,4-D in each oil— 
a total of sixteen trees. For comparison, 
a second, similar branch on each tree 
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was sprayed with the same oil lacking 
2,4-D. 

Concentrations of 0.025% 2,4-D, or 
higher, in all the oils, were very effective 
in limiting leaf drop. The effects were 
similar to those shown in figure 1. No dif- 
ferences in leaf drop were noted between 
control branches (sprayed with oil only) 
and those treated with 0.005% 2,4-D in 
oil. The 0.05% treatment was more ef- 
fective in limiting leaf drop than the 
0.025%; there were no apparent differ- 
ences between the 0.05% and 0.1% 
2,4-D treatments. In these trials all con- 
centrations of 2,4-D in oil were equally 
effective in decreasing fruit drop by 50%, 
compared with that on branches sprayed 
with oil alone. It is of interest that the 
most effective concentration for delaying 
petiole abscission in Coleus, in tests with 
a large number of growth-regulators, was 
found to be 0.05% (7). 

On the basis of these data, three field 
trials were made. 


FIELD TEST NO. I 


PROCEDURE.—This test was with 
Washington Navel orange trees in an or- 
chard at Riverside, California, and con- 
sisted of a Latin-square arrangement of 
five treatments. Because of the size and 
shape of the orchard, a sixth treatment 
could not be included in the square but 
was made on adjacent trees. All trees had 
previously been sprayed with oil, in 
April, 1945, and the fruit had been 
picked in December of that year. 

Treatments in the square were: (1) no 
oil spray (control); (2) 92 U.R. oil spray, 
at 2% concentration in water; (3) same 
as 2, but with 0.005% 2,4-D in the oil; 
(4) same as 2, but with 0.025% 2,4-D 
added; (5) 80 U.R. oil spray, at 2%, con- 
taining 0.05% 2,4-D. Treatment 6, out- 
side the square, was the same as 5, ex- 
cept that 2,4-D was omitted. Since the 
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relative solubility of 2,4-D in oil and wa- 
ter is not known, the concentration of 
2,4-D is expressed on the basis of its con- 
centration in the oil rather than in the 
final oil-water emulsion. If 2,4-D were 
as soluble in water as in oil, its concen- 
tration on the emulsion basis would be 
0.001% (10 p.p.m.) for the 0.05% 2,4-D 
in oil used in the 2% oil emulsion. 

All spray emulsions were tank-mixed, 
using 4 ounces of blood albumin per 100 
gallons of spray as spreader. The 2,4-D 
was first dissolved in ethyl alcohol and 
was then added to the oil as described. 
The spray was applied in the usual man- 
ner on February 18 and 19, 1946, with a 
power sprayer, using 400 pounds pres- 
sure and no. 8 disks. Contamination of 
control trees by drifting 2,4-D spray was 
prevented by completely covering them 
with canvas tents when spraying near 
by. All leaves were raked from under the 
trees at the beginning of the experi- 
ment. 

In this trial, as in all field trials, leaf- 
drop counts were made by determining 
the number of leaves within a rectangu- 
lar frame approximately 1 X 10 feet. 
This frame was always placed in a south- 
easterly direction against the tree trunk 
and extended several] feet out beyond the 
drip of the tree. 

RESULTS.—One week after applica- 
tion, trees sprayed with 80 U.R. oil alone 
(treatment 6) had dropped many more 
leaves than those sprayed with the same 
oil containing 0.05% 2,4-D (treatment 
5). There was a similar difference be- 
tween the unsprayed (control) trees and 
the oil-sprayed ones. At this time leaf- 
drop differences were not obvious be- 
tween the trees sprayed with 92 U.R. oil 
with and without 2,4-D. 

To determine whether 2,4-D had in- 
duced any. differences in leaf drop, five 
leafy twigs per treatment were cut from 
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the trees 1 week after spraying and were 
placed in an atmosphere of ethylene and 
high humidity in the laboratory. Forty- 
eight hours later, under these conditions, 
the total numbers of leaves remaining on 
each set of five twigs were o, 1, 5, 10, 18, 
and 5, respectively, for treatments 1 
through 6. These results indicate the ef- 
fectiveness of treatments 3 and 4 (0.005 
and 0.025% 2,4-D in oil) in limiting leaf 
drop on trees sprayed with 92 U.R. oil, 
although differences were not yet appar- 
ent in the field. 

The obvious difference observed in the 
field between treatments 5 and 6 (80 
U.R. oil with and without 0.05% 2,4-D) 
was also shown in a laboratory ethylene 
treatment one week after spraying. How- 
ever, a similar laboratory test made ap- 
proximately 18 hours after spraying 
showed no differences between the oil- 
sprayed leaves with or without 2,4-D. It 
appears that 2,4-D in oil became effective 
in limiting leaf drop between 18 and 168 
hours after application. 

Leaf-drop counts in the field on March 
5, over 2 weeks after spraying, showed 
that addition of 2,4-D to the spray oil 
resulted in a significant decrease in leaf 
drop, in comparison with that of trees 
sprayed with the same oil without 2,4-D 
(table 2). With 92 U.R. oil containing 
0.025% 2,4-D, the decrease was 26.5%; 
with 80 U.R. oil with 0.05% 2,4-D, the 
decrease was 57.4%. Even with the addi- 
tion of 2,4-D, however, the 92 U.R. oil 
sprays induced about three times as 
much leaf drop as in unsprayed trees. 
Leaf-drop counts on March 25 showed 
comparable differences. Fruit-drop ob- 
servations on these trees were not pos- 
sible, as the fruit had been harvested. 


FIELD TEST NO. 2 


PROCEDURE.—This test, with Wash- 
ington Navel orange trees in an orchard 
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at La Verne, California, consisted of a 
Latin-square arrangement of four treat- 
ments: (1) no oil spray (control); (2) 92 
U.R. oil spray, at 1.66% concentration; 
(3) same as 2, but with 0.0037% 2,4-D 
added to the oil; and (4) same as 2, but 
with 0.0185% 2,4-D added to the oil. 

The required amounts of 2,4-D were 
added as a commercial liquid concentrate 
of 40% 2,4-D as the diethanol ammoni- 
um salt, instead of the 2,4-D free acid be- 
ing dissolved in alcohol as in the previous 
trial. 

To avoid effects of spray drift, the 
treated trees were separated from one an- 
other by two trees in each direction. The 
trees were about 35 years old and had 
been fumigated but had never before 
been sprayed with oil. The sprays were 
applied February 20, 1946, when the 
fruit on the trees was mature. All leaves 
and fruit on the ground under the trees 
were removed. 

Although the trees were as uniform as 
could be expected, there was still varia- 
tion in size. It was suggested that leaf 
drop might be correlated with tree size 
and that a correction for tree volume 
would be desirable. An analysis of co- 
variance (10) gave a nonsignificant F 
value, indicating that it made no differ- 
ence whether leaf drop was corrected for 
tree volume. 

Resutts.—The numbers of leaves 
dropped per tree by March 5, 1946, for 
treatments 1 through 4, were 40, 211, 
296, and 162, respectively (table 2). The 
addition of 0.0185% 2,4-D to oil applied 
at 1.66% concentration in the emulsion 
did not significantly limit leaf drop. 
Counts on March 26 likewise failed to 
show a statistically significant difference 
in leaf drop of trees sprayed with oil plus 
2,4-D, in comparison with those sprayed 
with oil alone. 

Fruit drop at La Verne for the period 
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March 21—April 25, from the trees 
sprayed with 0.0037% 2,4-D oil amend- 
ment, was 32.4% less than that from 
trees sprayed with oil only (table 2). This 
difference was significant at the s% level. 
The decrease in fruit drop for the spray 


[DECEMBER 


Fruit-drop counts prior to March 21 
showed a trend similar to that reported 
above, but the differences lacked signifi- 
cance at the 5% level. This may indicate 
that 2,4-D applied in oil required approx- 
imately a month to become effective in 


TABLE 2 


EFFECT OF OIL SPRAY, WITH AND WITHOUT ADDED 2,4-DICHLOROPHENOXYACETIC 


ACID, ON LEAF AND FRUIT DROP OF WASHINGTON NAVEL 
AND VALENCIA ORANGE TREES 


| 
| 

















SPRAY OIL 
1 ms |—_—_—____— ———| % 24D No. No. LEAVES No. FRUITS 
en 
eee ‘ | | o% in IN OIL TREES DROPPED DROPPED 
} UR. | pe 
} emulsion 
| | 
Field test no. 1 (Washington Navels, Riverside)* 
| | | 
o ai - 
1 (control) Ms bee Dienst tcvarg iste aioe erect ae Soeite 5 94 Joc vee eee eee 
2 | Q2 2.00 ©.0000 5 411 eee esecee 
3 =f 92 2.00 .0050 . | 397 
4 .| Q2 2.00 .0250 5 302 Sa et re 
5 = | 80 2.00 . 0500 5 eee em adtareieincrscs 
6 | 80 2.00 0.0000 5 1341 Sanaa Soest 
| 
en OY ort Secs Ee eee 
Field test no. 2 (Washington Navels, La Verne)t 
: . ee ere 
| l | 
| | | 
TACOREEON) S< e682 nc tw oe | Ie fee ii ata 40 120.2 
2 g2 | 1.66 | 0.0000 4 | 211 179.0 
3 Q2 | 1.66 |. 0037 | 4 | 290 120.7 
4 g2 1.66 | 0.0185 | 4 162 | 123.6 
| 
| ; F ‘ 
Field test no. 3 (Valencias, Riverside) 
| | | | 
PPCGRELO!) ode. METS eres re a ;} 8 74 La: siew. vie os rec 
2 : vee Q2 2.00 | ©.0000 | 8 | 402 Hie Aid Secrsak Maes 
3 Q2 2.00 0050 4 | 369 Draw ees 
4 | 92 2.00 0250 | 4 | ee Ce 
5 80 1.50 e000 | 2 | 521 | 
6 80 1.50 0.0500 | 2 | 400 Acar aerators 
| 


* Least significant difference at 5% level, 102 leaves. 


t Compared with same spray without 2,4-D, difference significant at 1% level. (Treatment not in Latin square.) 
{ Least significant difference at 5% level: leaves, 132; fruits, 58. 


§ Compared with same spray without 2,4-D, difference significant at 5% level. (Treatment not in Latin square.) 


containing 0.0185% 2,4-D was 30.9%. 
The unsprayed trees dropped 32.8% less 
fruit than those sprayed with oil alone. 
Fruit loss induced by the oil spray was 
thus counteracted by fhe addition of 
2,4-D. 


limiting fruit drop. GARDNER (6), for ex- 
ample, found that naphthaleneacetic acid 
and naphthalene acetamide were most 
effective in decreasing drop of Pineapple 
oranges in Florida when applied several 
months before harvest. 
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A concentration of 0.0037% 2,4-D in 
oil was effective in limiting fruit drop, 
whereas the lowest effective concentra- 
tion for a significant decrease in leaf drop 
seems to be between 0.0185°% and 
0.025%. This is a concentration at least 
five times greater than that required for 
a significant decrease in fruit drop. This 
result is in agreement with the observa- 
tion by GARDNER and Cooper (7) that 
“the prevention of leaf abscission ap- 
pears to require a much higher concen- 
tration of applied growth substance than 
the prevention of mature fruit drop.” 

FIELD TEST NO. 3 

PROCEDURE.—This test was with Va- 
lencia orange trees in an orchard at Riv- 
erside, California. The trees were sprayed 
on February 22, 1946. The six treatments 
were: (1) no oil spray (control); (2) 92 
U.R. oil spray, at 2% concentration in 
water; (3) same as 2, but with 0.005% 
2,4-D added to the oil; (4) same as 2, but 
with 0.025% 2,4-D added; (5) 80 U.R. 
oil spray, at 1.5% concentration in wa- 
ter; (6) same as 5, but with 0.05% 2,4-D 
added to the oil. 

There was at least one untreated tree 
(usually there were two) between the 
trees in treatments 1, 2, and 5 (no 2,4-D 
used) and the trees in treatments 3, 4, 
and 6 (sprayed with 2,4-D in oil). Except 
for this restriction, the treatments were 
randomized among trees in two rows. The 
numbers of trees used for treatments 1 
through 6 were: 8, 8, 4, 4, 2, and 2, re- 
spectively. Maturing fruit was on the 
trees. Oil emulsions and 2,4-D additions 
were prepared and applied as in the La 
Verne trials. 

RESULTs.—Counts on March g indi- 
cated a 29.6% decrease in leaf drop (sig- 
nificant at the 1% level) owing to the ad- 
dition of 0.025% 2,4-D to the 92 U.R. 
oil (table 2). With the 80 U.R. oil, the de- 
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crease in leaf drop resulting from the ad- 
dition of 0.05% 2,4-D was 23.2%. Since 
only two trees were available for each 
treatment with the 80 U.R. oil, the sig- 
nificance of this decrease could not be 
statistically tested. 

Leaf-drop determinations on March 
25 showed differences similar to those 
above. There was no obvious drop of the 
immature fruit as a result of the oil 
spray. It will be of interest to note 
whether 2,4-D oil spray applied to trees 
with immature fruits will decrease the 
drop of the mature fruits. 

The above data indicate that the posi- 
tive results in the second and third field 
tests are due to 2,4-D and not to the 
diethanolamine in which it was added, 
since they are the same as in the previous 
trials in which no diethanolamine was 
used. 

TREE INJURY 

The possibility of more tree damage 
from 2,4-D than from the oil spray is a 
consideration of prime importance. It has 
been generally observed that 2,4-D in 
water solutions of 0.1% has a deforming 
effect on expanding leaves and stems of 
the orange tree. In July, 1945, two 1o- 
year-old Valencia orange trees with no 
expanding leaves or buds were sprayed 
with 2,4-D (approximately 0.14%) in 
water. Until November of that year, no 
effects of the spray were apparent, except 
for a lack of new growth; owing to the lo- 
cation of the trees, it was difficult to de- 
termine whether this was the result of 
2,4-D injury. Several trees sprayed at the 
same time with 0.07% 2,4-D in water 
also failed to show new growth. Valencia 
trees sprayed September 15, 1945, with 
0.14% 2,4-D in water showed epinastic 
curvatures of the actively growing stems 
and leaves and a yellowing of the expand- 
ing leaves. The plant parts that were not 
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expanding made no externally visible re- 
sponse. In all cases observation of the 
roots disclosed no indications of injury. 
Since all these trees were destroyed when 
the tract was cleared, in November, 
1945, additional observations were not 
possible. On other trees left standing in 
the same grove, on which only isolated 
actively growing branches had been 
sprayed in September, 1945, the effects 
described above were still persistent in 
April, 1946. No lateral buds were then 
expanding on the sprayed branches. 

A 15-year-old grapefruit tree sprayed 
September 15, 1945, with 0.14% 2,4-D 
in water, responded in the same manner 
as the oranges. The shoots that were ac- 
tively growing at the time of spraying 
were still distorted in April, 1946, and 
showed no tendency to become normal. 
This response and the apparently de- 
layed opening of the flower buds were the 
only obvious effects of 2,4-D. The roots 
showed no changes because of the treat- 
ments and appeared to be healthy. 

A 5-year-old lemon tree with many ac- 
tively growing shoots was sprayed at 
the same time (September 15) and in the 
same manner as the grapefruit. Severe 
epinastic curvatures of the growing stems 
and leaves occurred within to days. 
After one month, the pedicels on sprayed 
trees were thickened in comparison with 
those on nonsprayed trees, and the fruit 
appeared to be very securely attached. 
By December many apparently mature 
leaves had become a dull-yellow color. 

As expected from the above observa- 
tions, the stage of bud expansion appears 
to be an important factor in the use of 
2,4-D as a spray-oil amendment. At the 
time of spraying the Riverside Navel 
plot (field test no. 1) many stem and 
flower buds had expanded to a length of 
2 mm., and young leave$ were 3-7 mm. 
long. Three weeks after spraying with 
0.025% 2,4-D, the lateral halves of the 
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basal portions of the leaf blades were ex- 
panding normally but the apical halves 
remained closed. By April 15, however, 
most blades had opened normally their 
entire length, and none remained tightly 
closed. The expanding leaves on the trees 
sprayed with 0.05% 2,4-D curled tightly 
inward and had failed to open in the 2 
months after spraying. By July, when 
the next growth flush occurred, these 
leaves were expanded fully, except for a 
slight pinching-together of the blade near 
the tip. No effect on leaf growth was ob- 
served from the 0.005% 2,4-D spray. 
Opening of flower buds was apparently 
normal in all treatments. 

In contrast to the Riverside Navels, 
the Riverside Valencias and the La 
Verne Navels were in a tighter bud stage 
at the time of spraying and, in general, 
the expanding vegetative and flower buds 
showed no undesirable responses, even 
to the 0.05% 2,4-D spray. Only rarely 
were the above-described effects ob- 
served on these trees. Possibly the few 
scattered buds showing a response were 
further expanded than the others at the 
time of spraying. 

To avoid the deforming effects result- 
ing from sprays containing 2,4-D, ap- 
plication should be made only when the 
tree has a minimum of actively growing 
branches and not during a growth flush. 
In general, this corresponds with the 
times when sprays are usually applied. 
These observations all forcibly empha- 
size the fact that the use of 2,4-D asa 
spray-oil amendment must await further 
study of undesirable effects on the trees. 
Such studies are now in progress. 


Discussion 


The addition of 0.025% 2,4-D to 92 
U.R. tank-mixed oil used at 2% concen- 
tration in water on Washington Navel 
and Valencia orange trees at Riverside 
(table 2) significantly limited leaf drop, 
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in comparison with results from the same 
oil spray used without 2,4-D. The use of 
a similar spray oil at 1.66% concentra- 
tion, with 0.0185% 2,4-D, on Washing- 
ton Navels at La Verne, also decreased 
leaf drop, but the difference between 
these results and those obtained with the 
same oil spray without 2,4-D was not 
statistically significant. The difference in 
the results at Riverside and La Verne 
was apparently not caused solely by the 
lower concentration of 2,4-D used at La 
Verne but was partly the result of the 
smaller oil deposit on the leaves in the 
La Verne test, owing to the lower per- 
centage of oil in the emulsion; this was 
indicated by direct determinations of the 
amount of spray oil deposited on the 
leaves. 

Duplicate analyses for deposited oil 
were made on 100 leaves per treatment, 
collected equally from all trees in the 
treatment on the day following spraying. 
For treatments 2 (92 U.R. oil only, at 
2%) and 4 (the oil plus 0.0185% 2,4-D), 
the amounts of deposited oil on the Navel 
orange leaves from La Verne were, re- 
spectively, 65.8 and 53.3 ml. X 10-°/sq. 
cm. of leaf area. For the corresponding 
treatments on the Valencia leaves from 
Riverside, the amounts of deposited oil 
were, respectively, 69.1 and 83.6 ml. X 
10~°/sq. cm. The Valencia trees showed a 
significant decrease in leaf drop, even 
though there was actually more oil de- 
posited on the leaves of the trees sprayed 
with oil plus 2,4-D than on those sprayed 
with oil alone. In the La Verne trials the 
comparison failed to show a significant 
decrease in leaf drop, even though in this 
case less oil was deposited on the leaves 
treated with 2,4-D than on those with 
oil alone. 

Assuming that all the 2,4-D added 
was carried in the oil in the emulsion, the 
maximum amounts of 2,4-D per square 
centimeter of leaf surface of the River- 
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side Valencias and La Verne Navels may 
be calculated to have been 0.0209 wu gm. 
and o.coggu gm., respectively. The 
amount of 2,4-D actually effective in the 
La Verne trial was 53% less than in the 
Riverside trial, instead of 26% less, as it 
would have been on the basis of 2,4-D 
concentration alone. If the upper and 
lower leaf surfaces are assumed to total 
50 sq. cm., the amount of 2,4-D deposited 
per leaf on the Valencia trees was 1.04 u 
gm. Since this amount is probably very 
small compared with that of the explora- 
tory trials, where branches were sprayed 
with undiluted oil with 2,4-D added, 
tests are being made with oil-emulsion 
sprays containing higher concentrations 
of 2,4-D than those reported here. 

Although the foregoing comparison is 
between two varieties of oranges (Wash- 
ington Navel and Valencia), the ob- 
served differences in leaf drop because of 
varietal differences are not considered 
significant here, since at Riverside both 
varieties gave the same response to the 
same treatment. 


Summary 


1. Exploratory tests indicated that 
the addition of 0.025% 2,4-dichloro- 
phenoxyacetic acid to undiluted spray 
oil applied to branches of both Washing- 
ton Navel and Valencia orange trees 
strikingly limited leaf and fruit drop, in 
comparison with that of trees similarly 
sprayed, but without 2,4-D. 

2. In preliminary field trials the addi- 
tion of 0.025-0.05% 2,4-D to the oil in 
oil-water emulsion sprays for use on or- 
ange trees significantly decreased leaf 
drop 26.5% to 57.4%, the percentage re- 
duction depending on the properties of 
the oil and on the concentration of 
2,4-D. 

3. In the one trial where fruit counts 
were possible, the addition of 0.0037% 
2,4-D to the spray oil significantly de- 
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creased fruit drop 30.9%, compared with 
drop from trees similarly sprayed, but 
without 2,4-D. 

4. Experiments have shown that the 
stage of bud expansion appears to be an 
important factor in the use of 2,4-D asa 
spray-oil amendment. At the present 
time, 2,4-D as a spray-oil amendment 
cannot be recommended for commercial 
orchard practice, since under certain 
conditions not yet fully established in- 
jury to trees may result from its use. 
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ANALYSIS OF LEVULINS, INULIN, AND MONOSACCHARIDES 
IN GUAYULE"' 


HAMILTON P. TRAUB’ AND M. C. SLATTERY? 


Introduction 


In previous papers the nature of the 
water-soluble carbohydrates in guayule 
(Parthenium argentatum A. Gray) has 
been established (2, 5, 11, 12), and the 
importance of relating the relative pro- 
portions of the 89%-ethanol-soluble and 
the 89%-ethanol-insoluble levulins to 
plant functioning has also been indi- 
cated (11). The reader is referred to 
TRAUB and SLATTERY (11) for criticism 
of the earlier untenable conception of the 
nature of the chief carbohydrate reserve 
in guayule (4). In the present paper 
methods of extracting and analyzing for 
water-soluble carbohydrates and for dis- 
tinguishing between 89%-ethanol-sol- 
uble and 89%-ethanol-insoluble levulins 
are briefly summarized. Typical re- 
sults obtained by the application of 
these methods, showing seasonal changes 
in guayule tissues, are presented. 


Methods 
EXTRACTION OF TISSUES 

The tissue samples are dried, finely 
ground, and then again dried at 65° C., 
according to the procedure described by 
TrauB (9). The method for the extrac- 
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tion of water-soluble carbohydrates is 
adapted from the work of TRAvB et al. 
(13) and consists of (a) cold-water ex- 
tractions for the determination of total 
free sugars, total free fructose, and total 
cold-water-soluble carbohydrates (free 
sugars plus levulins) and of (b) hot-water 
extractions for the determination of total 
water-soluble carbohydrates (free sugars, 
levulins, and inulin). 

COLD-WATER EXTRACTION.—Dupli- 
cate 2-gm. samples of the finely ground 
tissue, prepared as described by TRAUB 
(11), are transferred to too-ml. volu- 
metric flasks, provided with glass stop- 
pers, by means of a stemless glass funnel. 
Approximately 1 gm. of powdered CaCO, 
and 50 ml. of water are then added, and 
the tissue is wetted by rotating the flasks, 
which are then placed in a water bath at 
20° C. for 1 hour. After removal, 1 ml. of 
a saturated solution of neutral lead ace- 
tate is added, and the contents of the 
flasks are made up to volume and thor- 
oughly mixed. After standing for a few 
minutes to allow for complete precipita- 
tion of proteins, tannins, etc., the con- 
tents are filtered into flasks with 0.2-0.3 
gm. of dry powdered sodium oxalate on 
the bottom. After shaking, the contents 
of the flasks are allowed to stand for a 
few minutes to insure complete deleading 
and are then filtered into 125-ml. dry 
Erlenmeyer flasks. Aliquots of the filtrate 
are used for the determination of total 
free sugars, total free fructose, and total 
cold-water-soluble carbohydrates (free 
sugars plus levulins). 

HOT-WATER EXTRACTION.—The pro- 
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cedure is the same as that outlined in the 
preceding paragraph except that the 
flasks containing the wetted tissue are 
placed in a boiling-water bath for 1 hour, 
and the neutral lead acetate is added 
after cooling the contents of the flasks to 
20 C. in a water bath. Aliquots of the 
final filtrate from these extractions are 
used for the determination of total water- 
soluble carbohydrates (free sugars, levu- 
lins, and inulin). 

At times considerable difficulty may 
be encountered in filtering hot-water ex- 
tracts of guayule leaves and new growth, 
apparently because of the colloidal state 
of some of the constituents extracted 
with hot water. In such cases, one or two 
spoonfuls of diatomaceous earth are 
placed on the filter paper before the 
plant extracts are poured on. 


CARBOHYDRATE ANALYSIS 


Aliquots from the cold-water extrac- 
tions, without hydrolysis, are used for 
the determination of total free sugars by 
SoMOGYI’s semimicro copper method (8) 
as modified by BROWNE and ZERBAN (1) 
and of total free fructose by Nyn’s 
cupro-carbonate method (6) as modified 
by JACKSON and MATHEWS (3). 

Levulins, or levulins plus inulin, in 
1o-ml. aliquots from cold- or hot-water 
extractions, are hydrolyzed with 1 ml. of 
10% HCl (1.0741 sp. gr.) in a hot-water 
bath at 70° C. for ro minutes. The solu- 
tions are neutralized with dilute NaOH, 
with phenolphthalein as indicator. Ali- 
quots are then taken for the determina- 
tion of total cold-water-soluble carbohy- 
drates (free sugars and inulin) and total 
water-soluble carbohydrates (free sugars, 
levulins, and inulin), respectively, again 
by SoMOGyI’s semimicro copper method 
(8) as modified by BROWNE and ZERBAN 
(1). g 
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For the rapid determination of total 
fructose (free and polymerized) in the 
cold- or hot-water extracts, ROE’s alco- 
holic resorcinol method (7), or this meth- 
od as modified by McRary and Srar- 
TERY (4), may be used. The following 
values are determined directly: (a) total 
free sugars (from cold-water extract) ; (6) 
total free fructose (from cold-water ex- 
tract); (c) free sugars plus levulins (from 
cold-water extract); (d) free sugars, levu- 
lins, and inulin (from hot-water extract); 
and (e) total fructose, free and polymer- 
ized (from both cold- and hot-water ex- 
tracts, respectively). The required values 
not directly determined are obtained by 
subtraction: nonfructose free sugars, 
a — b; levulins, ¢ — a; and inulin, d — c. 


FRACTIONATION OF LEVULINS 


The basic values for free sugars plus 
89%-ethanol-soluble levulins are deter- 
mined as follows: 1- to 2-gm. samples of 
the finely ground tissue are continuously 
extracted with 89% ethanol, by volume, 
in a reflux apparatus, Landsiedl type, for 
6 hours. However, the Soxhlet type ex- 
tractor may be substituted if desired. For 
purposes of extraction, 80% ethanol, by 
volume, is placed in the boiling flask of 
the extractor, and thus the condensate 
dripping into the extraction cups will be 
approximately 89% ethanol by volume 
(rr). The insoluble residue is discarded. 
The flask containing the ethanol extract 
is placed on the steam bath, and the 
ethanol is evaporated off. The 89%- 
ethanol-extract residue is transferred 
quantitatively to 1oo-ml. flasks and is 
made up to volume with water. Aliquots 
of this solution, hydrolyzed with HCl, 
neutralized with dilute NaOH, and clari- 
fied as indicated in the previous section, 
are used for the determination of free 
sugars plus 89%-ethanol-soluble levulins 
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by SomoGy1’s semimicro copper method 
(8) as modified by BROWNE and ZERBAN 
Ac). 

The values for the 89%-ethanol-sol- 
uble levulins are obtained by subtracting 
the values for free sugars from the values 
for free sugars plus 89%-ethanol-soluble 
levulins. The values for the 89%-ethanol- 
insoluble levulins are obtained by sub- 
tracting the values for free sugars plus 
89%-ethanol-soluble levulins from the 
values for total water-soluble carbohy- 
drates (free sugars, total levulins, and 
inulin). 


Seasonal changes 


Typical results obtained by the appli- 
cation of the methods briefly described 
above are shown graphically in figure 1. 
Seasonal changes in the various fractions 
of the water-soluble carbohydrates in 
guayule leaves, stems, and roots will be 
briefly discussed. 

Free sugars (RS) are relatively limited 
in amount in the stems and roots, below 
1%, but rise to almost 2% in the leaves. 
As contrasted with the relatively greater 
variation in levulins and inulin, there is 
little seasonal variation in percentage of 
free sugars in stems and roots, suggesting 
that the latter are the carbohydrates of 
translocation in guayule. 

The inulin fraction (JN) is relatively 
small, never rising as high as 4%, in this 
case, in any of the tissues; it is largest in 
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the roots, somewhat smaller in the stems, 
and very limited in the leaves. The inulin 
values rise with decrease in temperature 
in November, reach a peak in midwin- 
ter, and in April begin to fall again to the 
summer low. 

Levulins (LV) are the chief reserve 
carbohydrates in the stems and roots of 
guayule at all seasons. The percentage of 
levulins is always highest in the roots, 
in which it falls to a minimum value soon 
after the first flush of growth in April. 
It rises rapidly until June and then grad- 
ually to the midwinter peak. 

When the relative proportion of the 
89%-ethanol-soluble levulins to the 89%- 
ethanol-insoluble levulins (11) is con- 
sidered, we obtain a more dynamic pic- 
ture of the carbohydrate transformations 
in guayule tissues. The values for 89%- 
ethanol-soluble levulins (LP) rise to a 
high during the summer and fall to a low 
in winter, beginning with the onset of 
lower temperatures, whereas the values 
for 89%-ethanol-insoluble levulins (HP) 
present a mirror image, falling to a low in 
summer and rising to a high in winter. 
Traus et al. (10) have shown that 
drought, or high soil-moisture, stresses, 
applied to guayule nursery seedlings, 
have an effect similar to that of low tem- 
perature. 


BuREAU OF PLANT INDUSTRY, SOILS AND 
AGRICULTURAL ENGINEERING 
U.S. DEPARTMENT OF AGRICULTURE 


LITERATURE CITED 


1. Browne, C. A., and ZERBAN, F. W. Physical 
and chemical methods of sugar analysis. 3d ed. 
Wiley, New York. 1941. 

2. Hassm, W. Z.; McRary, W. L.; Dore, W. H.; 
and McReapy, R. M. Inulin in guayule, 
Parthenium argentatum A. Gray. Jour. Amer. 
Chem. Soc. 66:1970-1972. 1944. 

3. JACKSON, R. F., and Matuews, J. A. Some 
physical properties of levutose and its estimation 
by copper reduction methods. U.S. Nat. Bur. 


Standards Jour. Res. 8:403-444. 1932. Also in 
BROWNE and ZERBAN. Physical and chemical 
methods of sugar analysis, pp. 824-825. 1941. 

4. McRary, W. L., and Sitatrery, M. C. The 
colorimetric determination of fructosan in 
plant material. Jour. Biol. Chem. 157:161—167. 
1945. 

5. McRary, W. L., and Travus, H. P. Fructosan, 
a reserve carbohydrate in guayule, Parthenium 
argentatum Gray. Science 99:435-436. 1044. 





I 


IBER 


ms, 
ulin 
ture 
win- 
the 


orve 
s of 
re of 
0ts, 
oon 
pril. 
rad- 


the 
9% - 
con- 
pic- 
ions 
o%- 
to a 
low 
t of 
ilues 
HP) 
ww in 
nter. 
that 
Sses, 
ings, 
tem- 


Iso in 
=mical 
1Q4I. 
The 
an in 


1-107. 


‘tosan, 
enium 
44. 





1946] 


6. Nyns, L. Selective determination of levulose 
by means of Ost’s cupro-carbonate solution. 
Chem. Abst. 19:1236. 1925. 

7. Ror, J. H. A colorimetric method for the de- 
termination of fructose in blood and urine. 
Jour. Biol. Chem. 107:15-22. 1934. 

8. Somocy1, M. Notes on sugar determination. 
Jour. Biol. Chem. 70:599-612. 1926. 

9. TRAUB, H. P. Rapid photometric methods for 
determining rubber and resins in guayule tissue 
and rubber in crude-rubber products. U.S.D.A. 
Tech. Bull. 920. 1946. 

10. TRAUB, H. P.; SLatrery, M. C.; and McRary, 
W. L. Effect of moisture stress on nursery- 


TRAUB & SLATTERY—GUAYULE 299 


grown guayule with special reference to changes 
in reserve carbohydrates. Amer. Jour. Bot. 33: 
699-705. 1946. 

11. TrRauB, H. P., and SLatrery, M. C. Levulins 
and inulin in guayule, Parthenium argentatum 
A. Gray. Plant Physiol. (In press.) 

12. TrAuB, H. P.; Statrery, M. C.; and WALTER, 
E. D. Fructose and other monosaccharides in 
guayule, Parthenium argentatum A. 
Proc. Amer. Soc. Hort. Sci. 48. 1946. 

13. TRAuB, H. P.; THor, C. J.; WILLAMAN, J. J.; 
and OLIvER, R. Storage of truck crops: the 
girasole, Helianthus tuberosus. Plant Physiol. 
4:123-134. 1929. 


Gray. 





CURRENT LITERATURE 


Die Koniferen des Oberkarbons und des unteren Perms. 
By Rupotr Fiorin. Paleaontographica 85, Abt. B 
(Hefte 1-7): 1-654. 1938-1944. Stuttgart. With 
pls. 1-186. 


For some time, with interruption caused by 
World War II, Dr. Rupotr FLortn has been pub- 
lishing in Palaeontographica his series of researches 
on Paleozoic conifers. These have appeared: Part 1 
in 1938, Parts 2-4 in 1939, and Part 5 in 1940. Near- 
ly all these earlier issues have reached American li- 
braries. The printing of Parts 6-8 was delayed; 
Parts 6 and 7 bear 1944 dates and have thus far ap- 
peared in very few American libraries, while Part 8, 
which includes the summary, the all-important bib- 
liography for Parts 6-8, and the index for the entire 
series, is in type but still awaits printing. 

FLORIN has carefully examined at first hand fossil 
materials of the Upper Carboniferous, Permian, and 
Mesozoic. He gives detailed descriptions of hundreds 
of items found in European and American collec- 
tions, all fully illustrated in 150 quarto plates (Parts 
1-4). Here FLoRIN applies his detailed knowledge 
of stomatal and cuticular anatomy founded upon his 
well-known researches' on these structures in the 
living conifers. 

The fossil material of Paleozoic conifers is very 
abundant, but nearly al] of it is in the form of impres- 
sions and compressions. Only the latter include some 
organic residues. True petrifactions are not avail- 
able. Specimens of petrified Paleozoic wood are only 
doubtfully coniferous. In spite of the unsatisfactory 
condition of these fossils, it was possible to bring to- 
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gether the specimens belonging to many species un- 
der various genera through comparison of their 
cuticular characters and to recognize the reproduc- 
tive parts that belong to the same system. 

FLORIN has segregated from the fossil material, 
which had been referred to Walchia Sternb. more 
than a century ago, two Upper Carboniferous and 
Lower Permian genera: Lebachia Florin (Parts 1-3), 
under which he recognizes fourteen species, and 
Ernestiodendron Florin (Part 4), for which he de- 
scribes several species. Others are left, and several 
new species are placed, under Walchia and related 
either to Lebachia or Ernestiodendron. 

Part 5 includes about fifteen form genera, many 
of them based upon reproductive parts. These have 
all been subjected to the same detailed treatment 
and are illustrated in plates 151-166. Also included 
in Part 5 are keys to these fossil genera and a bibliog- 
raphy of 282 titles specifically for Parts 1-5. 

Parts 6 and 7, dealing in summary with the vege- 
tative and reproductive organs of fossil and modern 
conifers, are most interesting to the reviewer. These 
chapters include more general discussions, recon- 
structions, and comparisons. In addition to plates 
167-186, there are 65 text figures, many of them in 
full page, showing FLORIN’s restorations of the 
Paleozoic and Mesozoic conifers. 

The Lebachias were monoecious plants of moder- 
ate size, having small leaves always spirally ar- 
ranged, small cones, and small seeds. Their growth 
habit resembled that of Araucaria excelsa. The 
leaves were small, closely imbricated, awl-shaped, 
slightly dimorphic, and with a single mid-vein. Those 
clothing the main stem and leaders were slightly 
larger than those on smaller secondary branches and 
had the apex forked, as in leaves of Gomphostrobus. 
Smaller leaves had acute, unforked apices. 

The seed cones and pollen cones of Lebachia were 
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terminal on short lateral branches and always mono- 
sporangiate. No evidence was uncovered to indicate 
bisporangiate cones. The pollen cones were simple 
strobili with narrowly triangular, peltate, acute 
sporophylls spirally imbricated on the cone axis. Two 
microsporangia were attached beneath the sporo- 
phyll shield on opposite sides of the stalk. The pollen 
grains were peculiarly winged all around, with the 
exoexine almost wholly surrounding the included 
cell. 

The seed cones were compound structures having 
the reproductive parts borne on short shoots or 
fascicled in the axils of bracts. The subtending bracts 
were forked at the tips after the pattern of the 
Gomphostrobus leaf type. In the axils of these bracts 
occurred free sterile and fertile stalks (interpreted as 
telomes by the author) intermingled. The seeds were 
carried singly and erect at the tips of the fertile ap- 
pendages. Ernestiodendron was very similar to Le- 
bachia, but some of the other genera of the period 
(various Walchia species) differed in having the 
seeds inverted at the ends of the stalks. 

Part 7 includes descriptions of the reproductive 
parts of Cordaitales of two principal types. This is 
followed by a chapter of comparison of the Paleozoic 
conifers with the Cordaitales. Also discussed are the 
Upper Permian conifers, Pseudovoltzia Florin and 
Ulimannia Goeppert. As FLORIN reconstructs the 
cone-scale complex of Pseudovoltzia, it is composed of 
nine members unfused, except possibly at the base: 
three inverted ovules are borne at the ends of as 
many long stalks, behind which are five sterile leaf- 
like members, and the lanceolate bract which sub- 
tends this assembly. It is through fusion of these 
members with each other and finally with the bract 
that the cone scale of the Pinaceae, Araucariaceae, 
Taxodiaceae, and other conifers has been derived. 

F LORIN also considers a selection of generic types 
from the Mesozoic, with his own diagrammatic re- 
constructions and interpretations. This discussion 
considers about twenty Mesozoic con‘fers, with the 
Taxales set up as a separate order. The living con- 
ifers (with fifty genera) are then interpreted in the 
light of the fossi) evidence presented. They are de- 
scribed under Taxodiaceae, Pinaceae, Araucariaceae, 
Podocarpaceae, Cupressaceae, and Cephalotaxaceae. 
The four genera of Taxaceae—T7axus, Austrotaxus, 
Torreya, and Amentotaxus—are here included under 
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the Taxales, as an order distinct from the Conifer- 
ales. He finds Callitropsis Compton (not Oersted) a 
later homonym and supplies the new name Neocalli- 
tropsis. 

There can be no question about the immense val- 
ue of the study of cuticular anatomy to the identity 
of the conifers, other gymnosperms, and pterido- 
phytes. Through this approach, FLorin has been 
able to recognize and define fossil genera, including 
the least-known conifers of the Paleozoic. These new 
monographic studies will be indispensable in a study 
of conifers from all geological horizons. His cuticular 
investigations must be considered in any future 
monographic treatment, including that of living 
conifers. 

From FLOoRIN’s evidence, it appears that the old 
controversy concerning the nature of the coniferous 
cone scale has been definitely settled on the basis of 
historical data. The ovuliferous scale is an axillary 
structure or brachyblast, entirely separate from the 
bract in the compound seed cone of these fossils. The 
ovules, however, are megasporangia borne on their 
own stalks, not on the surface of the ovuliferous 
scale. In the course of evolution, these stalks fused % 
with one another, with associated sterile stalks, and | 
eventually with the subtending bract. To speak of 
the ovuliferous scale as a ligular outgrowth or ap- 
pendage of the bract or as a “‘carpel” is obviously 
erroneous. 

The reviewer is not fully convinced that the sepa- 
ration of the Taxales in a separate order is necessary. 
True, these are the “conifers without cones,’’ mean- 
ing seed cones, but they all possess pollen cones and © 
are a part of the conifers. This emphasizes the fact @ 
that the Taxales go far back in their history to the ¥ 
early Mesozoic. FLORIN considers that in the Tax- 
ales the female reproductive organs are not reduced @ 
from complex cones to single ovules but rather that % 
this group never possessed seed cones and that the 7 
erect ovule was held over or derived somewhat di- 9 
rectly from the erect ovules and seeds found in the7 
Lebachias and earliest conifers. This condition held 
over, and it is still to be met with in Voltziopsis of 
the Mesozoic. 

FLORIN’s work in its entirety is requisite for any | 
study of fossil plants. It is equally indispensable as a © 
background to workers in the field of living conifers. 
—J. T. BucHHotz. 
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